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THE AMERICAN SOCIETY 
OF 
HEATING AND VENTILATING ENGINEERS. 
FIFTEENTH ANNUAL MEETING. 


New York City, N. Y., January 19, 20, 21, 1909. 


PROCEEDINGS. 


First Day—AFTERNOON SESSION. 
(Tuesday, January 19, 1909.) 


The meeting was called to order by President James Mackay, 
at 3 o'clock P.M. . 

President Mackay: I want to appoint a reception committee, 
whose duties will be to receive every one coming in at the door, 
see that they are provided with literature and that they register 


‘and take a number. I appoint on that committee Messrs. J. A. 


Donnelly, G. B. England, and August Kehm. 
The Secretary announced the names of the following parties 
elected to membership since the last meeting : 


PS Se errr Member 
es te NS ko 6 40s wo Capea ” 
a eee ae - 
Joseph G. Hayes........ eskanees sa 
PO Dy NOs i Nioiids Cakse Se aw’ ba 
Ss U,  Karedewas cinemas ” 
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PN Ds Bh ss ix ainsi tewe Member 
Wc Ws Ms 6 oh nds wes ets Tomar “ 
 ¢ £0 ere = 
setemey Th. TMGOM. 2... ccc scenes = 
Laweence ©. Bowles ...5..ccceses . 
a fe ee ee 4 
DE Bc PR 6c kxkcdvinewns as 
SOARED. TOMIIUE 6 inn os chine ees - 
SO Ts Ses oo veins sp eceawaws ~ 


The Secretary then called the roll, and stated that a quorum 
was present. 

Mr. Chew moved the reading of the minutes of the previous 
meeting be dispensed with. Carried. 

President Mackay then read the following address: 


PRESIDENT’S ADDRESS. 


Once more we gather to promote the aims and objects for 
which our organization was formed, namely, advancement of 
the arts and sciences connected with heating and ventilating, 
and as your presiding officer it is my privilege, as well as 
pleasure, to open this, our fifteenth, annual meeting. 

It is hoped and expected that the proceedings of the several 
sessions of this meeting will prove as valuable and interesting 
as are the records of those meetings which have passed into 
history. 

During the year just closed your officers and Board of Direc- 
tors have endeavored to execute your instructions and perform 
their duties, as outlined by the Constitution, in a dignified and 
creditable manner. 

The Society has made gratifying progress numerically, and 
from an engineering standpoint our attainments are everywhere 
recognized as most creditable. 

Agreeable to and under control of our Constitution one chap- 
ter of the Society is in active existence. It is composed of 
earnest members of this, the parent body, all of whom attend 
every monthly meeting of the chapter, take active part in all 
discussions, work with enthusiasm for the good of their chosen 
calling in general, and for the American Society of Heating 
and Ventilating Engineers in particular. 
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Our friends of the press have accorded our organization due 
credit for the good we have accomplished, and have given us 
that generous share of publicity which is beneficial, not only to 
us, but to all who are interested in our work. 

I congratulate the Society upon the interest and activity 
shown in our work during the past year. I fully realize that 
we are all busy people, and yet I know that all have contributed, 
in some measure, toward our growth. Personally, I thank 
each and every member for the thought bestowed, the time 
given and the labor expended in our behalf. 

The search of committees contributes largely to the success 
and merit of our work. Credit is due to all our committees 
for their labor and for the excellent manner in which they have 
discharged their duties. 

The Society is to be ‘sinaiiasiial for the position it has taken 
upon the subject of proper and necessary ventilation, and for 
what it has done toward promoting the same, through legisla- 
tive enactment and otherwise. On the whole, we have accom- 
plished much in the past, are in a healthy state of efficiency at 
the present time, and the future is laden with promise. 

We are living in an age of specialization and progress; when 
ripe experience, practical knowledge and sound theory are 
paramount. The school house, the mail box and the telephone 
are crowding the frontier. The wolf and the wilderness are 
retreating. Are we keeping well abreast of this swinging for- 
ward march? 

When we realize that in no line of human activity, save one, 
has greater material advancement been made during recent 
years than in the industries that are based chiefly upon the arts 
and sciences which we study and promote, this query is natural, 
and suggests vigilant consideration of all our affairs from every 
possible angle, so that we may wisely improve our methods and 
enhance the value of our labors. 

The published volumes of our Proceedings, thirteen of which 
are issued and one is now due, mark our progress and indicate 
our growth. These volumes constitute our literature, and in a 
broad sense are our greatest asset, for they tell the world what 
we are, what we have accomplished and what we hope to be. 
As a reference library they are important and are consulted as 
authority. 
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But a study of these volumes will show that certain subjects 
have been similarly discussed more than once without eliciting 
in the later repetitions anything of fresh engineering value. 
Therefore it would’ seem wise to review our literature so as to 
avoid useless reiterations. 

It behooves us also to keep our records up to a rigorous 
scientific standard. And, with these two points in view, it has 
been suggested that your Society devote a future meeting to a 
review of our past publications. I concur in this suggestion, 
and recommend that your next President and Board of Gov- 
ernors arrange for such a meeting. 

We have in our possession a number of engineering publi- 
cations, acquired in exchange for ours. These volumes form 
the nucleus of a library which should be extended, catalogued 
and made more available for the general use of our members. 
I recommend that action be taken with this end in view. 

Improvement of the Society’s facilities will result in indi- 
vidual benefit. Therefore we should all take greater interest 
in studying the requirements necessary to promote our work. 

Let us by the character of our attainments attract to our 
membership those of the profession whose association with us 
will be the most beneficial in promoting good. 

Engineers in the field of heating and ventilating have more 
especially devoted their efforts toward inventing and designing 
improvements upon the older types of apparatus or appliances 
used in the better known applications of the art. 

Innovations have been made, but examples are comparatively 
few. 

There are untrodden paths in the broad field of engineering 
effort which await exploration. 

We should know more about the .use and possibilities of 
superheated steam. 

Simple and more efficient means are required for purifying 
the air and ventilating all fhe rooms of our buildings. 

Another desirable possibility is a simple and inexpensive ap- 
paratus for cooling the air of our rooms during the summer 
months as many degrees as we now raise its temperature in the 
winter season. 

But improvement in present practice is of equal importance. 
Let us discourage guess-work and rule of thumb methods and 
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encourage more scientific designing and installation of heating 
and ventilating work. 

Our aim should be for excellence in theory and practice, 
bearing in mind as a precept the oft-quoted words attributed 
to Emerson, “ If a man can write a better book, preach a better 
sermon, or make a better mouse-trap than his neighbors, though 
he build his house in the woods, the world will make a beaten 
path to his door.” 

The President’s address was received with applause. 

President Mackay: The grim reaper, Death, has visited our 
ranks during the year, and two of our fellows have been called 
to that home from whence no traveller returns. We mourn 
their loss. 

Then, you have all heard of the death of Alfred R. Wolff, 
an engineer of very high standing in his profession. While 
not a member of our organization he was in sympathy with 
our work, and was one of our friends, who was always willing 
to aid us and did a great deal to bring the profession on a high 
plane to give it recognition among the affairs of men. His 
many works throughout this country are a lasting monument 
to his memory. It seems fitting we should take some notice 
of this. He has done a great deal for our profession. 

Secretary Mackay then read his report, as follows:  ‘ 


SECRETARY'S REPORT. 


The American Society of Heating and Ventilating Engineers: 

Gentlemen: Your Secretary would report an increase in 
membership during the past year. 

At the last annual meeting our membership was composed of 
1 Honorary Member, 278 Members, 27 Associates, and 17 Jun- 
iors, or a total of 323 members of all grades. 

By a unanimous vote of the members present at the last an- 
nual meeting, Mr. Charles W. Newton, of Baltimore, Md., a 
former Chartzr Member of the Society, was elected an Hon- 
orary Member. During the year we have added 32 Members, 3 
Associates, and 2 Juniors to our roll. Three Members were 
dropped from the roll for non-payment of dues, 3 Members and 
2 Associates resigned, 1 Member, 2 Associates and 1 Junior 
failed to qualify, and we had two deaths in our ranks during 
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the past year, Mr. Enoch Rutzler, who became a member in 
1901, died February 29, 1908, and Mr. Harry J. Ott, who be- 
came a Junior Member in 1906, died September 25, 1908. 

Our present membership is 2 Honorary Members, 302 Mem- 
bers, 26 Associates, and 17 Juniors, a total of 347 Members of 
all grades, a net increase of 24. 

The financial affairs of the Society are in a good condition, 
at the last annual meeting there was a balance in the hands 
of the Treasurer of $2,044.86. During the past year we have 
received from all sources $3,928.93, which with the balance 
on hand made a total of $5,973.79. 

The total expenditure amounted to $4,025.84, leaving a bal- 
ance in the hands of the Treasurer of $1,947.95. 

There is owing to the Society from members for dues and 
Proceedings and from newly elected members for initiation fee 
and dues, $1,215.00. This with the balance on hand amounts 
to $3,162.95. All bills have been paid except those in connec- 
tion with this meeting, the Secretary’s account for December 
and the bill for the 1907 Proceedings which have just been re- 
ceived from the printers and are ready to be sent out to the 
members. 

The members dropped from the rll during the past year owed 
the Society $80.00. 

The 1908 Proceedings are being edited, and will be placed 
in the printer’s hands as quickly as possible. 

At the request of your Secretary, the constitution was 
amended so that he as well as the Treasurer would furnish a 
bond, and his bond for $1,000.00 has been filed with the Board 
of Governors. 

The Secretary’s expenses for the year, including stenographer, 
clerk hire, rent of post-office box, certificates of membership, 
expenses in connection with the summer meeting, postage, ex- 
press, telegraphs, telephone, office rent, etc., amounted to 
$1,121.49, being $68.99 less than the previous year. 

The Society held a summer meeting at Niagara Falls, July 
24, 25, 1908, which was successful in every way. 

Most of the papers for the present meeting were received 
late, but all were printed and sent to the members eleven days 
ago, together with the reports of three important committees 
presented for consideration at this meeting. 
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The Secretary has fifteen applications for membership which 
were received too late to.be included in the last ballot. This 
will ensure a ballot being sent out as soon after this meeting 
as possible, and those having applications to send in should do 
so at once, so that they may be placed on this ballot. 

It will be interesting to the members to know that when I 
was first elected Secretary ten years ago, the Society had 119 
members, an increase of fifty per cent. from the time of its 
organization five years before. 

During the ten years that I have been Secretary the Society 
has increased three hundred per cent. 

Your Secretary has received $1,900.00 in salaries for the past 
ten years, or an average of $190.00 per year. 

Respectfully submitted, 
Wm. M. Mackay, 
Secretary. 
The Secretary then read the report of the Treasurer, as 
follows: 
TREASURER’S REPORT. 
New York, January 19, 1909. 
Balance on hand, January 21, 1908 
Cash received: 


SOR echvaenee edocs Sib eg See 2,882.77 
Initiation fees 


kncdcide baweee Red enes 570.00 
POE, Wi oaeeccnnwasgeeedian¥s 293-75 
I ii.5 664 snk ta peektonnes Ke 120.40 
SE I ick wn sindin ak pee ae Bias 24.00 


Interest on deposits ................ 38.01 — 3,928.93 


$5.973-79 


Disbursements : 
J. J. Little & Co., printers. ........... $1,294.01 
Schoen & Kellerman, printers.......... 348.08 
W. M. Mackay, Secretary’s account.... 1,022.54 
W. M. Mackay, Secretary’s salary...... 500.00 
Harold Godfrey, reporting meeting..... 220.00 
Aties-Bawraving Ce... 56 ccanccnsses 144.92 
Wm. Kent, editing 1907 Proceedings... 125.00 
COiriee COON a ike ike s beddeuwins $3,054.55 
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I OID oa a nctecnecdn canned $3,654.55 $5.973-79 

Remington machine and stand........ g0.00 

Williams Engraving Co., electros...... 36.28 

Poates Engraving Co., electros........ 70.50 

Expenses, annual dinner.............. 25.70 

United Eng. Society Meeting Rooms... 85.00 

John Frick, pin badges.............. 30.00 

Natl. Fire Prot. Asso. dues.......... 15.00 

U. G. Scollay, Treas., account......... _ 6.20 

Empire Surety Co., bond......... nad 6.00 

Empire Mfg. Co., number buttons...... 4.14 

People’s Trust Co., exchange......... 2.47— 4,025.84 
SD OU CUR, i.s 660.064 0nkirnse00eanegdes $1,947.95 


Respectfully submitted, 
U. G. Scoitay, 
Treasurer. 


On motion of Mr. Barwick the report was accepted as read 
and placed on file. 

The report of the Board of Governors was then read by the 
Secretary. 


REPORT OF THE BOARD OF GOVERNORS. 
New York, January 19, 1909. 


The American Society of Heating and Ventilating Engineers: 

Gentlemen: Your Board of Governors met and organized on 
January 23, 1908, appointing committees on Finance, Member- 
ship and Publication, and an Executive Committee, as provided 
for in the Constitution. 

The various committees have given careful attention to their 
duties, and the Board has met as often as was found necessary 
during the year. : 

A successful summer meeting was held at Niagara Falls, N. Y., 
on July 24, 25, 1908. 

The Society has acquired membership in the National Fire 
Protection Association, receiving their publications, and has ap- 
plied for recognition on their committees, and has also suggested 
the forming of a new committee on “ Necessary Fire Protection 
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in Connection with the Installation and Operation of Heating 
and Ventilating Apparatus.” 

On request- the question of members using the emblem of the 
Society on their stationery was considered, and it was decided 
that it should not be used except on the Society stationery, but 
that the’ different grades of membership were privileged to use 
the words : “ Member, Associate Member, or ‘Junior Member, The 
American Society of Heating and Ventilating Engineers” on 
their stationery should they desire to do so. 

There is a continuous demand for back numbers of our Pro- 
ceedings from colleges, libraries, and our own members. 

We have on hand the following volumes: 


Volume I, 1895 Proceedings.. 2 volumes 
“II, = 1896 = Eo 
wt III, 1897 7 —_ ”* 
” IV, 1898 = le 
" V, 1899 sa ..III ” 
“ VI, —‘Ig00 “y -— 
” VII, 1901 ™ w— 
“VIII, 1902 4“ ie 
- I>» ee ™ nae 
- pa 1904 és os 
— . —_ = ‘ 
“XII, 1906 a —_— 


a total of 1,366 volumes, the value of which at our members’ 
regular price is $6,830.00, or at their special price, $5,017.50. 

Volume XIII, 1907, has been printed and bound, has just been 
received, and will be sent out to the members immediately after 
this meeting. 

Volume XIV, 1908, is well in hand, and will be in the printer’s 
hands at an early date. 

These Proceedings are sold to our members at a stated price, 
with a reduction if six or more volumes are purchased at one 
time. 

The Board would recommend the re-editing and printing of 
Volume I of the Proceedings in an edition of from 150 to 200 
copies. 

The Secretary has filed with the Board his bond for $1,000.00. 

The Board has purchased for the use of the Secretary a 
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Remington typewriter and stand, and it will be necessary to 
purchase one or more book-cases to hold the Proceedings of our 
own and other Societies and other books sent in from time to 
time which form a library for the use of our members now in 
the office of the Secretary, accessible to members. 

It has been brought to the attention of the Board that mem- 
bers and others have published papers, extracts from papers, 
and discussion of topics as having been presented before the 
Society, without obtaining its consent. 

This is in direct violation of the condition under which the 
papers are accepted. 

We now have a flagrant case of disregard for the Society's 
established rules in this respect where an advertising agent has 
violated our rules. 

The Board has called attention to the violation, and has re- 
quested that the circulation of the pamphlet referred to above 
be stopped, and it would recommend that such steps be taken 
as may be necessary to protect the Society’s interest in the 
matter. 

The papers to be presented at this meeting were received 
late. One paper was received early in November, but as the 
others were not received until after December 20th, two of 
them in January, it was decided to print them at one time, and 
they were distributed to the members eleven days ago, as the 
extra expense of distributing the early paper was considered 
unnecessary. 

The necessity of pointing out that there may be some mis- 
takes in the papers and cuts, is on account of the hurried man- 
ner in which they had to be prepared owing to the disregard by 
the members of the Society’s rules and their own convenience 
and benefit. 

The Society has been criticised in the past regarding the care 
exercised by its officers over the acceptance and printing of the 
papers and their publication in our Proceedings, but the vigi- 
lance which would have positively protected the Society has 
been impossible owing to the short time that could be taken for 
this important work. 

We feel that, regardless of the action of other societies in this 
matter which at times has been quoted, too much care cannot 
be exercised if we wists to maintain the high standard which 
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has always been aimed at. In connection with this matter we 
feel justified in quoting from the December, 1908, issue of the 
Journal of the ‘ American Society of Mechanical Engineers.” 


Extract from the Report of the Publication Committee : 


“The Committee has examined carefully all of the papers 
presented at the meetings of the Society with a view of passing 
upon their suitability for publication in the Transactions. In 
this work it has endeavored to maintain the dignity of the 
Transactions, and to this end has considered it its duty to omit 
any objectionable personalities that might be found in the pa- 
pers or in the discussions of the same. It has also endeavored 
to omit portions of papers or discussions where this could be 
done without eliminating ideas or data. 

“Proceeding in accordance with the above plan, the Com- 
mittee has found it advisable to omit the publication of several 
papers, and in other cases has eliminated a considerable amount 
of matter from the text.” 


Extract from the Report of the Meetings Committee of the 
A. S. M. E.: 

“As a natural result of the expansion of the Society’s work, 
the numbers of papers submitted to your Committee for approval 
has very greatly increased, so that it becomes necessary to re- 
ject a considerable portion of those which are offered. We be- 
lieve this condition is one on which the Society is to be con- 
gratulated. The aim should be to make our publications of 
such rank that it will be esteemed an honor by an engineer to 
have a paper accepted and published by our Society. This con- 
dition can only be brought about, however, if the number of 
papers offered continues materially in excess of the number 
which will be used, since it is only when such a surplus exists 
that proper selection becomes possible. 

“The objection will doubtless be raised that it is a disap- 
pointment to an individual author if after spending much time 
in the preparation of a paper it is finally rejected by the Society. 
The answer to this objection is that the interests of the profes- 
sion—of the Society as a whole—are more important than the 
interests of any individual. If our Society finds itself obliged 
to reject an offered paper, its author is at liberty to seek publi- 
cation through other channels. 
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“There are, however, certain papers which by reason of 
great length, or because they appeal only to some small branch 
of the profession would not be accepted by any Journal pub- 
lished by private enterprise, and are for the same reasons unde- 
sirable for our Society publications. We believe that certain 
papers of this class, where they contain material which would 
in some form be made available for record, can be treated 
in the way which has long been practiced by the Institution of 
Civil Engineers of Great Britain. That is, the paper as a whole 
can be filed in the Society’s library for reference, and either its 
title only or some brief summary of the writer’s conclusions 
and recommendations can be published in the Society’s Journal. 

“ By proper adoption of such a policy, it should be possible 
for the Society to increase the number and variety of papers in 
its Transactions without increasing the bulk and expense of the 
volume.” . 


Extract from the Proceedings of the Engineers’ Society of 
Western Pennsylvania, incorporated 1880: 


“ All papers, on their acceptance by the Publication Com- 
mittee, become the property of the Society, and it lies within the 
discretion of the committee to publish them in whole or in part.” 

The financial affairs of the Society are in a prosperous con- 
dition, and the membership is larger and more representative 
than ever before, with every indication of a large increase dur- 
ing the coming year. 

We carry in stock at the office of the Secretary the Society 
emblem in the shape of a pin badge in solid gold and gold plated. 

The furniture, effects and Proceedings of the Society are 
carefully housed in the office of the Secretary. 

Respectfully submitted, 
Jas. Mackay, Chairman, 
J. D. HorrmMan, Vice-Chairman, 
B. F! STANGLAND, 
Frank K. CHEw, 
R. C. CARPENTER, 
AuG. KEHmM, 
C. B. J. Snyper, 
Joun F. Hate, 
W. M. Mackay, Secretary. 





XUN 








FIFTEENTH ANNUAL MEETING. 2I 


President Mackay: The standing committees are Compul- 
sory Legislation, Standards and Tests. Are there any reports? 

Secretary Mackay: I do not believe any members of any of 
these committees are present, and I have received no reports 
from them. The only thing I have is from Professor Hoffman, 
who writes under date of January 16th, from Indianapolis, that 
he met Mr. Weinshank and arranged for a report of the Com- 
mittee on Tests. (Letter read.) 

President Mackay: We have the following special committees : 
Hot Water Heating Data, Steam Heating Data, Sizes of Steam 
and Return Mains, Fan Blast Data, Data on Surfaces in Heat- 
ing Boilers, Data on Air Washers, Relative Corrosion of 
Wrought Iron and Steel Pipes and Furnace Heating Data. 

Mr. J. J. Blackmore, Chairman, presented the following: 


REPORT OF COMMITTEE FOR COLLECTING DATA ON STEAM HEAT- 
ING FOR SMALL BUILDINGS. 
January 19, 1909. 

The Committee decided to divide the work of collection of 
data into three divisions, as follows: 

The Boiler, from the manufacturer’s viewpoint and from the 
viewpoint of the engineer who purchased it for installation, the 
figuring of radiation for loss of heat, and the practice for in- 
stallation of flow and return pipes. 

Inquiry among the manufacturers shows that a good deal of 
progress has been made toward standardizing, but that a good 
deal yet remains to be done. 


Grate Surface. 


The size of grate for a given size boiler, or the proportion of 
grate surface to the capacity of the boiler, varies so much, that 
inquiry was made on this point, and no satisfaction could be 
obtained, but a comparison of six of the leading sectional types 
is here made, to show the proportion in this respect. 


BoILer. A. B. C. D. E. F. 
Rated capacity ......... 800 800 775 750 750 750 
Sq. inches of grate..... 616 740 648 528 630 648 
Ratio of grate to 100 
ft. of capacity, sq. ins. 77 92.5 83.6 70.4 84. 86.2 


The question of how much coal should or could be burned 
per sq. foot of grate surface does not appear to have been con- 
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sidered by many of the makers, and your Committee could only 
learn of three manufacturers who had done anything to deter- 
mine how much should be burned per square foot of grate in 
small boilers. 

If we take a boiler of 800 feet of steam radiator capacity, it 
will have to transmit 216,000 B. T. U., assuming that each 
square foot of radiation gives off 270 B. T. U. per square foot 
per hour. 

If we assume that 10,000 B. T. U. is the thermal value of a 
pound of anthracite coal that can be usefully transmitted in a 
house heating plant, we must burn 21.6 pounds of coal per hour, 
when the heater is running at its maximum capacity—and for 
a boiler of 750 feet we would burn 20.25 pounds of coal. This 
gives a rate of combustion of 5.1 Ibs. per square foot for Boiler 
A, 4.2 lbs for B, 4.65 lbs. for C, 5.63 lbs. for D, 4.4 lbs. for E, 
and 4.5 lbs. for F. 

This variation is so great that it would seem that the manu- 
facturers have not yet adopted a standard. 


Heating’ Surface. 


The question of heating surface in a boiler seems to be an 
unknown quantity, and inquiry among the manufacturers does 
not produce much information on the subject. Some of the 
makers have experimented to determine the amount of heat 
transmitted per square foot of boiler surface, but your Com- 
mittee could not ascertain that any data were gathered as a re- 
sult of such tests. Your Committee did see some calculated 
data on this subject, but could not ascertain that anyone used 
them or was guided by them. The proportion of fire surface to 
flue surface has had some attention from the manufacturers, 
but no definite proportion is stated except by one maker, who 
claims 60 per cent. of fire surface and 40 per cent. of flue sur- 


face. 

Very few manufacturers give the amount of heating surface 
in small boilers, nor do they give any rule by which their boilers 
can be measured. For the purpose of getting information from 
the various engineers who make a business of installing small 
heating plants, a series of questions was sent to members of the 
Society, and others, a copy of which is attached to this Report. 
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The Committee did not depend entirely on these question 
blanks, but inquired personally, in different parts of the coun- 
try, with a view to gathering information. 

To the question: “Do you depend on manufacturers’ rat- 
ings?’’ 89 per cent. of the replies are “ Yes,’ 7 per cent. reply 
“No,” and 4 per cent. “ Not without checking.” 

To the question: “ What percentage do you add to the radia- 
tion, to provide for loss by boiler and piping?” 70 per cent. 
of the replies say: “ 25 per cent. should be added,” 10 per cent. 
reply: “30 per cent. should be added,” 10 per cent. say “18 
per cent. should be added,” and 10 per cent. reply that they 
figure the actual amount of the loss, and so add it to the radia- 
tion. 

To the question: “‘ What additional do you figure as a factor 
of safety?” 70 per cent. reply “25 per cent.”—10 per cent. re- 
ply “ 30 per cent.”—10 per cent. reply “15 per cent.”—and 
IO per cent. reply “ 10 per cent.” 

To the question: “ Do you consider grate surface a factor in 
sizing up the boiler?” 80 per cent. reply “ Yes” and 20 per 
cent. reply “ No.” 

To the question: “ How many inches of grate do you figure 
to 100 ft. of surface?’’ very little could be learned, and nearly 
all replies to the question left this blank. ' 

To the question: “ Do you consider the shape a factor?’ 82 
per cent. reply “ Yes” and 18 per cent. “ No.” Some preferred 
round fire pots, and some square or oblong—but not enough 
information could be gathered to put these into exact per- 
centages. 

To the question: “ Do you examine the chimney of a build- 
ing to determine the draft you will get?” 90 per cent. reply 
“Yes’’ and 10 per cent. reply “No.” Inquiry on this point 
shows that the examination is made only as to its size, and to 
see that it is properly built, and that no other stove or heater 
goes into the same flue. 

The Committee could not learn that any attempt was made 
to test chimney flues for velocity by anyone engaged in the work 
of erecting small steam plants. > 

To the question: “ Do you figure on any rate of combustion 
per sq. ft. of grate per hour?” 86 per cent. reply “ No,” 14 per 
cent. give rates of combustion of 5 Ibs., 7 Ibs. and 8 Ibs. per sq. 
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ft. of grate per hour. The Committee do not consider the high 
rates of 7 or 8 lbs. should be taken as reliable in such small 
plants. 

To the question: “ What steam pressure do you figure on 
as a basis?”’ 60 per cent. reply “ 2 Ibs.”—20 per cent. reply “3 
Ibs.”—10 per cent. reply “ 5 Ibs.”—10 per cent. reply “1 Ib.” 


QUESTIONS ON FIGURING RADIATION. 


In answering these questions, most of the replies state that 
they use some standard rule, and the following are mentioned 
quite freely: Baldwin, Mills, Carpenter, Snow and Wolff. The 
Committee received very few replies that indicated that the cu- 
bical contents only of a building were figured on. 

The replies indicated that all northern rooms were provided 
with 10 per cent. or 15 per cent. extra radiation. 

Answers in regard to indirect radiation: 86 per cent. added 
50 per cent. to 60 per cent. to the direct radiation which would 
be needed for the same room. 14 per cent. of the replies fig- 
ured on the exact amount needed to provide for the air 
changes. No answers were received, nor information obtained 
that could be tabulated in regard to the best type of radiator 
to be used. The trade seemed to give them all about the same 
value. 


Flow and Return Pipes. 


In the answers received on this subject, none of the questions 
were replied to, but a large number of replies were received to 
the question: “ How large a main pipe should be used for 1,000 
square feet of radiation?’’ None were less than 3 in. some 
were 3% in., and a few 4 in—showing uniform practice 
within a reasonable range. 

Your Committee found that nearly all work of installir 
small heating plants Was done under what is classed as “ com- 
petition work”; and the engineering features of such installa- 
tions have been reduced to what might be called “rle of 
thumb” practice, guided by experience. 

The fact that a very large number of plants are installed each 
year, and give excellent results, would indicate that the art has 
made good progress. 

Your Committee regret that more data could not be collect 
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so as to give more detailed information as to the practice in all 
the States; but it is extremely difficult to get replies to ques- 
tions sent by mail, and the Committee have submitted all they 
could collect. 

The information obtained was from the following States: 
Massachusetts, Connecticut, New York, New Jersey, Pennsyl- 
vania, Ohio, Illinois, Indiana, Minnesota, Wisconsin, Montana, 
Washington, California, Missouri and Colorado; and it was 
obtained mostly from people actually engaged in the construc- 
tion of such plants. ; 

The Committee did not consider it part of their work to take 
data from standard works that can be referred to at any time: 
but rather to secure all possible information from parties en- 
gaged in the business. 

All of which is respectfully submitted. 

J. J. Blackmore, 
James A. DONNELLY, 
GrorGE B. ENGLAND. 


New York, November 21, 1908. 
Questions prepared by the Committee appointed by The 
American Society of Heating and Ventilating Engineers to 
collect data on steam heating for small buildings. ‘ 


Questions for gathering data on small steam boilers in plants 
of from 300 to 1,000 square feet. 


1. Do you take the manufacturers’ rating as a basis when figuring the 
size of boiler required ? 

2. What percentage do you figure in addition to the radiation for main 
flow and return pipes, risers, etc. ? 

3.. ‘hat additional percentage do you figure as a measure of safety? 

4. Do you consider the grate surface as a factor in sizing up the boiler? 

5. If you consider the grate surface, how much do you allow for each one 
‘undred feet of direct radiation? 
31:6. Do you consider the shape of the grate a factor? 

7. Do you examine the chimney of a building to determine the draft you 
will get? 

8. Do you figure on any rate of combustion per square foot of grate per 
hour?) 

9. What steam pressure do you estimate on for your calculations? 

10. Give method of obtaining necessary radiation. 


Questions on the subject of radiation. 


11. Give rule for wall exposure. 
42. Give rule for glass exposure. 
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13. Give rule for ceiling exposure. 
14. Give allowance for north, east, and west exposure. 
15. Give rule for direct radiation. 
16. Give rule for indirect radiation. 
17. Give rule for direct-indirect radiation (or semi-direct radiation). 

18. Give surface allowed for change of air (ventilation). 

19. What height of radiator is the most effective? 

20. What number of sections is the most effective? 

21. State best position in room for radiator. 

22. In connecting to riser, which is best for the long run, the steam or 
return? 

23. Are pipe surfaces more efficient than cast iron? 

24. How much more surface is needed on ceiling than at the floor? 

25. What is the best form of connecting nipple? 

26. Give rule or formule for test when weather is warmer than tempera- 
ture mentioned in the contract. 


Questions for the collection of data on size of steam and re- 
turn mains on small steam heating plants. 


The following questions refer to the size of steam and return pipes in 
small steam heating plants, and those not having a run to exceed 100 feet 


from the source of supply. 
27. What is the maximum amount of Direct Radiation which you consider 
permissible where the steam and condensation in the mains flow in the same 


direction ? 

28. What is the maximum amount of Direct Radiation where the steam and 
condensation flow in opposite. directions in horizontal pipes? 

29. What is the maximum amount of Direct Radiation in (a) Up-Feed 


Steam Risers; (b) Down-Feed Steam Risers? 
30. What is the maximum amount of Direct Radiation which is permissible 


to connect the return risers? 

31. The maximtm amount on Horizontal Dry Return Mains? 

32. The maximum amount on Horizontal Wet Return Mains? 

33. What are the amounts of Radiation which you consider the maximum 
for radiator connections upon one and two pipe systems? 


President Mackay: Is there any discussion of this report? 
It will go into the hands of the Committee on Standards, but it 
is now before you for discussion. 

Mr. Chew: I move the report of this committee be printed 
and distributed with the papers for the coming summer meeting 
for discussion at that meeting. 

Mr. Barwick moved to amend, that the committee be con- 
tinued. 

Mr. Chew: I accept that. I think the original idea in the ap- 
pointment of these various committees was to get conclusive 
information on the particular line of work the committee had 
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in charge, and I don’t think there is any occasion for the men 
who have done the work to be discharged when they are fa- 
miliar with it. I think that kind of work is creditable to the 
Society, and the Society will certainly accord to that committee 
the honor to which they are entitled for that work. 

President Mackay: This report represents a great deal of 
labor and of thought and quite a little expense on the part of 
this committee. It bears the earmarks of thoroughness and is 
not a report that should be passed over lightly. Of course, it 
goes to the Committee on Standards. It is to be hoped the 
committee will be continued. 

Mr. Blackmore: For one I would like to be relieved from 
that committee, as a report like that would involve a great deal 
of work. A large amount of the information as furnished in 
that report was literally drawn with forceps out of the people 
that I came in contact with. In addition to the printed report 
I had typewritten letters sent out to a lot of people in the trade 
that I knew that I felt I had some claim on. Yet even in such 
cases I found it difficult to get written replies. It doesn’t seem 
that it is necessary to continue this committee at this time to 
continue its investigations, but in the course of a year or two 
hence the matter could be taken up again. I do not feel I can 
give it any more time than I have really given it. : 

President Mackay: I appreciate your position. You are a 
busy man and have a thousand and one things to look after. I 
believe every committee should be discharged in the regular way 
as they have performed their duty and as they have brought to 
a head that work for which they were appointed. and then if 
there is more work to be done along that line they should be 
continued later. All this committee work should go to the Com- 
mittee on Standards and there put in shape for submission to 
the Board. The work done is very valuable. 

Mr. Barwick: My idea would be to ask the committee to re- 
tain the matter until the summer meeting. I think it would be 
very well for them to continue this matter for another season at 
least. However, I feel that they have gone as far as they can 
go under the present arrangement, and I am perfectly willing 
to withdraw my motion. 

Mr. Chew: I want to say one word. Mr. Blackmore got sev- 
eral answers to his letter. The committee I served on got but 
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one answer. It is the hardest thing possible to get the people 
of this Society to talk about things they know about. I appre- 
ciate Mr. Blackmore’s position, being a busy man, nevertheless 
I hope Mr. Blackmore will stay until the summer meeting at 
least. If the report is in the possession of the members in 
black and white they can easily give further information on it. 

After some discussion the motion made by Mr. Chew was 
agreed to. 

Mr. Barwick: Our Committee on Air Washers asks to be 
continued for this reason: Our committee was appointed rather 
late in the season and it was rather hard for us to gather any 
particular data. We have endeavored in some way to formulate 
a schedule by which we could make some tests of air washers. 
Mr. Harrison, Mr. Lewis and Mr. Davis have given quite some 
consideration to the matter. I have been invited by two or 
three parties to look over their plants, and I expect soon to be 
able to give the necessary time to it. Mr. Harrison will look 
over a plant at Camden and will also look over some other ap- 
paratus that has been installed in New York. 

Mr. Donnelly, J. A.: I believe two years ago the Committee 
on Standard Sizes of Steam and Return Mains made a report. 
I think the committee made some recommendation regarding 
putting it on the programme. I would like to see the subject 
discussed and the committee discharged. 

President Mackay: As ‘I understand it, the report is in the 
hands of the Committee on Standards, and the report of the 
committee is in the volume just about to be issued. 

Mr. Donnelly: The report was laid upon the table at the 
evening meeting two years ago, and the report is still on the 
table if you wish to take it up. ‘ 

President Mackay: I agree that something in the way of tan- 
gible action should be taken, but it is, perhaps, difficult under 
some conditions to get final report from the Committee on 
Standards. That is a work that might be brought to a head. 
Your committee’s work was satisfactory and brought out a 
great deal of information. 

Mr. Donnelly: I move the report be taken from the table, 
read and discussed. 

(The Chair read from the Proceedings the action taken on 
the report in question. ) 
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President Mackay: Is there any discussion on the report I 
just read of the committee to collect data on steam mains? 
(None. ) 

Mr. Hale presented the following report from the Illinois 
Chapter. 


REPORT OF THE ILLINOIS CHAPTER. 


Mr. President: The Illinois Chapter of this Society wishes to 
report that it is still holding its regular monthly meetings from 
October to May, inclusive, and each meeting has been so well 
attended that we are assured of a continuance of our prosperity 
and interest in the Society’s affairs. The membership has in- 
creased slightly, we having admitted two new members and lost 
one by death during the year. This gives us a present mem- 
bership in the Chapter of 30, out of a total of 53 in the State. 

At our monthly meetings we usually have from fourteen to 
seventeen present, although our full membership is interested 
and all are working members. There has never been a time 
when all the members have been in the city, and this accounts 
for the small attendance as compared with the membership. 

We have found that we have a better attendance when a meet- 
ing is held in connection with a dinner, although each member 
is called upon to pay his share of the expense, and for this rea- 
son we have had but one meeting this year in the rooms of the 
Western Society of Engineers. 

Our annual election took place on Monday, October 11, 1908, 
the following being the result of the ballot: 


GEORGE MEHRING, President, 
E. F. Capron, Vice-President, 
Joun F. Hate, Secretary, 
Aucust KeEum, Treasurer. 


BOARD OF GOVERNORS. 


James Mackay, 
SAML. R. LEwIs, 
Rospert A. WIDDICOMBE. 


At our November meeting we listened to a very interesting 
talk by Mr. Mehring, describing the heating and ventilating ap- 
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paratus in the gymnasium at the University of Chicago, and this 
was followed by a general discussion of methods employed to 
ventilate buildings of this type and particularly the locker rooms. 
This talk was illustrated with the working drawings and brought 
out the usual difficulties met in connection with apparatus of this 
kind and showed how they were overcome. 

At our December meeting Mr. Hale exhibited drawings from 
which the ventilating apparatus was erected in the new Ma- 
jestic Theatre Building, at Milwaukee, in which the entire space 
beneath the parquet was used as a plenum chamber from which 
heated air was admitted into the auditorium through 6-inch 
tubes, set into the concrete floor beneath the seats. A discus- 
sion followed and the various members expressed themselves 
for or against the methods employed. The fact that the system 
was a success proved, however, that one does not have to fol- 
low any hard and fast lines to get results, but. must modify his 
layout to suit local conditions. 

The one prominent fact brought out was the lack of space 
provided by architects for the proper installation of apparatus, 
and it was shown that the contractors frequently find it impos- 
sible to install a system in accordance with ventilating laws ow- 
ing to the lack of space provided for the admission of ducts. 

Mr. Capron exhibited a set of plans showing a hot water ap- 
paratus which ‘he was called upon to change over owing to the 
lack of circulation in certain parts. He first showed the plant 
as it was, and asked for suggestions as to the best method of 
overcoming the difficulties, and afterward told what changes 
he had made in order to get results. This was a most interest- 
ing discussion, as it brought out many different theories and 
ideas on the subject. 

Our January meeting was held on the 11th inst., at which 
time we listened to a report from our local committee on tests, 
which report will be forwarded to the National Committee. 
This report related exclusively to the testing of cast-iron radia- 
tion of various heights and widths, and brought out some inter- 
esting facts regarding the efficiency of radiation when bronzed as 
compared with enamel as a. finish, this being much in favor of 
the latter in every case. The effect of placing a seat above a 
low radiator was dwelt upon, showing a rapidly decreasing 
efficiency as the seat was brought closer to the top of the radia- 
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tor, the nearest point permissible without fll effects being 3 
inches. 

Mr. Samuel R. Lewis described the heating and ventilating 
apparatus installed after his design in a large school building 
where he used a fan with tempering coils near the centre of the 
building, distributing tempered air to groups of indirects so 
located as to give an equal distribution to all points of the 
building. A very important feature called to our attention was 
the possibility of opening the by-pass around the reducing valve 
and a corresponding valve in the return, thus admitting steam 
direct to the system and allowing a gravity circulation to pre- 
vail even after the fan had stopped and the steam had dropped 
to a very low pressure. The especial advantage of this method 
over the combination system using direct and blast was the pos- 
sibility of maintaining temperatures over night without giving 
the system any particular attention. 

Our local committee on compulsory legislation for the ven- 
tilation of public buildings is preparing to present the bill to the 
present legislature. This bill was printed and ready for the first 
reading at the last legislature two years ago, but was not reached 
during the session. We are assured by our committee that they 
have matters well in hand, and there is no question but that the 
bill will go before the house and we are hopeful of having it 
passed. This bill is similar to the ones passed in the States of 
Massachusetts, New York and Pennsylvania. 

We have in view some very good papers for the remaining 
meetings of this year, and from our experience we would rec- 
ommend that other State chapters be organized, in which case 
we will be glad to give them the benefit. of our experience in 
organization and carrying out the work. 


Respectfully submitted, 
Joun F. Hate, 
Secretary. 


President Mackay: We will pass to the appointment of tellers. 
I appoint as tellers John R. Shanklin, James B. Badger, and F. 
G. McCann. 

Your duties are to count the votes and the report will be the 
first number on the evening session. 
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Mr. Barwick: Under the head of “ new business” I would 
like to say something in reference to one of our members, Mr. 
Enoch Rutzler. It devolves upon the Society to pass some reso- 
lution by which we may recognize the death of one of our oldest 
steam fitters of New York. I feel it is the duty we owe to his 
widow. 

President Mackay: I think some notice is taken of it in our 
last volume. He died the early part of this year. 

Mr. Chew (exhibiting last volume): I believe this is new 
practice in our Proceedings, one page set apart, with a black 
border, within which is recorded the names of the different 
members, the time they became members, time of their death, 
so in the Proceedings of next year Mr. Rutzler’s name will be 
added to the list “ in memoriam.” 

Mr. Barwick: This meeting should take some action in the 
matter. 

Mr. Donnelly: I move the Secretary be instructed to write a 
letter to the family of Mr. Rutzler, and express the sympathy 
of our Society at his loss. 

Which was duly seconded. 

Mr. Donnelly: I wish my motion to include also the death of 
the representative of the Illinois Chapter, H. J. Ott. 

The motion was agreed to. 

Mr. Chew (addressing President Mackay): In your address 
you mentioned the death of Alfred R. Wolff. I know from talk- 
ing with Professor Carpenter and others that, notwithstanding 
Mr. Wolff was not a member of this Society, he had a deep in- 
terest in its welfare. We had the man’s thorough sympathy, 
and anything that was in his possession and needed by any of 
our members could be had. Considering the exceptionally high 
plane he occupied in his field, I think the Society should go on 
record, and I make a motion that a letter be sent to his family 
of the same nature as sent to the others. 

Which was seconded and agreed to. 

Mr. Donnelly: I would like to suggest it would be well to 
collect such data as we can upon the subject of fire protection 
and fire risk. The Secretary says we haven’t any data on the 
subject and do not publish anything. 

Secretary Mackay: Mr. Donnelly asks for information on 
the fire protection. Soon after we became members I wrote 
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the Fire Protection Association and received this reply last 
August : 


NATIONAL FIRE PROTECTION ASSOCIATION. 
382 Onto StrEET, Cuicaco, August 20, 1908. 


The American Society of Heating and Ventilating Engineers, 
P. O. Box 1818, New York, N. Y.: 

Gentlemen: Your valued favor of August Ist did not reach 
the office until after I left for the East to attend the meeting of 
the Executive Committee, in which special committees for the 
ensuing year were appointed. I regret that I did not have your 
suggestion for new committee on “ Necessary Fire Protection in 
Connection with the Installation and Operation of Heating and 
Ventilating Apparatus ” in time to brjng it before the meeting. 


As to a representative of your Society on Committee on Uni- 
form Requirements, this can easily be arranged by correspond- 
ence, and if you will be good enough to nominate a representa- 
tive I will place the matter promptly before our officers and 


committee and have the necessary formality completed. I am 
also communicating with our President and Chairman of the 
Executive Committee in reference to your suggestion as to a 
new committee, and will advise you further on hearing from 
them. 
Faithfully yours, 
W. H. MERRILL, 
Secretary. 


President Mackay: That answers your question, Mr. Don- 
nelly? Arrangements are already being perfected for our or- 

ganization being recognized upon their committees. 
_ Mr. Donnelly: One other point. The Fire Protection Asso- 
ciation have their meetings in the spring. I have attended some 
in New York and in Philadelphia which have been quite inter- 
esting. I do not think any member of this organization re- 
ceived any printed matter from them unless he joined. I re- 
ceived a copy last night. 

President Mackay: I appoint as a committee to audit the ac- 
counts of the Treasurer, Messrs. Seward, Lewis and Davis. 

On motion the session adjourned. 
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First DAY—EVENING SESSION. 


(Tuesday, January 19, 1909.) 


The meeting was called to order at 8.20 p.m. by President 
Mackay. 

President Mackay: The first order of business is the report of 
tellers. 

The report was read as follows: 


New York, January 19, 1909. 


Your tellers beg to report the result of the ballot for officers, 
as follows: 
Total vote cast, 148. 


President. 


Wm. G. Snow 
Jas. D. Hoffman 


First Vice-President. 


August Kehm 
Charles R. Bishop 


Second Vice-President. 


Burt S. Harrison 
Edmund F. Capron 


Secretary. 


U. G. Scollay 
L. B. Sherman 
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Board of Governors. 


R. C. Carpenter 

Jas. Mackay 

Jno. R. Allen 

B. F. Stangland 

A ee eT et eee err 
P. H. Seward 


Jno. S. Brennan 
Cesar Teran 


. SHANKLIN, 
. B. BADGER, 
. G. McCann, 
Tellers. 


Mr. Chew: I want to make a suggestion. This afternoon in the 
President’s report he called attention to the value of the informa- 
tion that is in our volumes of Proceedings for several years back, 
and the advantages it would be to the Society to have a review 
meeting, with the idea of bringing some of the information up to 
date and bringing before a larger portion of the membership what 
the Proceedings contain. Within the past five years the member- 
ship of the Society has greatly changed. Many have gone out, 
and so many new members have come in that to a certain extent 
the new members are not thoroughly informed as to the objects 
of the Society and the plan of its work. Holding a meeting of 
the Society for a review of what has been done it seems to me 
would be invaluable. And for that reason I make a motion that 
the next meeting of this Society be devoted to a review of the 
work done, and a committee of five, consisting of the retiring 
President, the incoming President, and three others, be appointed 
to report before this meeting adjourns some plan for conducting 
such a review meeting as I suggest. 

The motion was seconded and agreed to. 

Mr. Weinshank presented the following report : 


REPORT OF THE COMMITTEE ON TESTS. 


Your Committee on Tests begs permission to submit the fol- 
lowing report : 
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It has been the endeavor of your committee the past year to 
serve the Society in every way possible by collecting and compil- 
ing such test data as were available. In pursuance of this the fol- 
lowing letter was addressed to each member of the Society: 


To the Members of the American Society of Heating and Ven- 
tilating Engineers: 

Your Committee on Tests begs to urge upon the members the 
value of bringing before the Society all the test data that have 
not hitherto been up for discussion. 

Most of the members during the year come in contact with 
some material that would be very appropriately compiled by this 
committee if it were only known. 

May we urge in behalf of the Society that each member for- 
ward to the Chairman, or to any member of the committee, any 
data thus obtained, and they will be made a part of the Society 
records. 

Respectfully, 
J. D. Horrman, Chairman. 
R. A. WIDDICOMBE, 
THEO. WEINSHANK, 
W. L. BronauGu, 
EuGENE P. BRADLEY. 


Three sets of data were received from the membership in re- 
sponse to this letter. These data are herewith submitted, and it is 
the sense of your committee that they shouid be printed in the 
Transactions, in the full belief that more material of like nature 
will be forthcoming in the near future. This will be of value not 
only to your “ Committee on Standards,” but to the whole mem- 
bership of the Society. 


DATA OF TEST ON TWO CAST IRON HOUSE HEATING STEAM BOILERS. 
TEST MADE NOVEMBER 24, 1908. 


Submitted by Mr. Roy E. Lynd, Junior Member, Dover, N. J. 

The tests, data of which follow, were made upon two boilers 
connected in the same manner to’the same flue. The opening in 
the ash pit below the grate for air inlet was proportionally the 
same for each boiler. The fire was built with wood and coal, 
which had both been weighed. The fire was allowed to burn until 
the boiler ceased to steam. The total time from lighting the fire 
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to the time when the boiler ceased to steam was the number of 
hours used to get the average rate of fuel consumption, aver- 
age rate of evaporation, etc. Boiler No. 1 showed a higher rate 
of combustion and a higher absorption of heat per square foot 
of heating surface than boiler No. 2, and at the same time 
showed less efficiency. The B. T. U. per pound of coal utilized 
in the boiler is almost exactly proportional to the ratios of heat- 
ing surface to the grate surface. Compare items (4) and (36) 
in the two tests. Item (20) is figured from actual rate of 
evaporation in the middle of the test after everything had been 
warmed up and the fire had a bed of bright coals to the full 
depth of the fire box, and upon a uniform average rate of com- 
bustion throughout the test. This last assumption is possibly not 
strictly true, as the fire should burn much faster in the middle 
of the test, when the coals were clear and bright and no part of 
their surface or of the voids between them had been deadened 
by ash. The calorimetric equivalent of the boiler, and also the 
radiation from the surface of the boiler were allowed for, as the 
test was started with the boiler cold, and the boiler was not 


covered. An average of items (16) and (20) would indicate 
that the customary allowance of 8,000 B. T. U. per pound of 
coal is conservative for both of these boilers, although boiler No. 
I is conservatively rated and boiler No. 2 is overrated. ’ 


DATA OF TEST OF TWO CAST IRON HOUSE HEATING STEAM BOILERS. 
TEST MADE NOVEMBER 24, 1908. P 
Borer No. 1 Borter No. 2 


Description of Boiler Cast Iron Sectional Steam Boilers 
Square feet grate surface 3 9.225 15.42 
Square feet heating surface L 
Ratio heating surface to grate surface y 14.4tol 
Square feet ex 80. 104.4 
Pounds wood used (total) 
Calorific value of wood, B. T. 
Total pounds of coal used 
Calorific value of coal, B. T. U. per tb 
Equivalent total pounds of coal 
Equivalent pounds coal per sq. ft. grate............... 
Equivalent pounds coal per sq. ft. grate per hour 
Pounds water fed to fill boiler 
Pounds water evaporated 
Equivalent evaporation per hour from and at 212 de- 

grees. Pounds 
Equivalent evaporation from and at 212 degrees per 

pound coal 
Equivalent evaporation from and at 212 degrees per 

sq. ft. grate per hour 
Maximum actual rate of evaporation per hour reached 

during test 
Maximum equivalent evaporation per hour from and at 

212 degrees, from (18) 
Maximum equivalent evaporation from and at 212 de- 

grees per pound coal 
Maximum equivalent evaporation per hour from and at 

212 degrees per sq. ft. grate 4 54.26 
Average temperature feed water 53. 50.8 
Average temperature steam at 0 tbs. pressure ; 212. 
Average temperature boiler For 0.5 Hr. ; 0.75 Hr. 131.4 

For6. “ ‘ 8. “ 200. 
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Borter No. 1 Borer No. 2 
Cast Iron Sectional Steam Boilers 
(25) Average temperature room 65. 
(26) Average temperature flue gases 
(27) Time in hours from starting fire to reaching pressure of 


(28) 


0.75 


6.0 8.0 
(29) B. T. T. U. supplied to heat original water to temp. (23).. 110810. 230550. 
(30) B. T. U. supplied to evaporate (14) tbs. water at tem- 
BP a (23) ‘ 4351200. 
adiated from boiler during test 109890. 189800. 
T. U. absorbed by boiler in heating from (22) to (24) 89053. 168550. 
Poti B. T. U. poe by (10) tbs. coal in (27) plus =. 


B. T. U. per sq. ft. grate per hour 

B. r U. per sq. ft. heating surface per hour 
B. T. U. per 1 

Efficiency of 

Steam rating* from (15) 

Steam rating from (19) 

Advertised steam rating 


* Square feet of direct steam radiating surface to be supplied by boiler, on basis of 1 sq. ft. = 
250 B. T. U. per hour. 
ForMUL#® FOR CALCULATIONS. 
5000 


14000 
0) 


(10) Equivalent total pounds of coal + (8) 


(11) Equivalent pounds coal per sq. ft. grate Q) 
(11) 
(27) + (28) 
___ (83) = 
965.7 [(27) + (28)] 
(16) “ee evap. from and at 212 degrees per Ib of (33) 


965.7(10) 
(17) Equivalent evap. per hour from and at 212 degrees (33) (12) 
(19) M os eo oa h fi d at ys ag 
Maximum equivalent evap. per hour from and a on —_ 
212 degrees from (18) (18) [Haz — h(z2)] + 1.5(5)[(24) — (25) 


(12) Equivalent pounds coal per sq. ft. grate per hour. . 
(15) —  ~ evap. per hour from and at 212 degrees. 
s 


965.7 
(20) Maximum equivalent evap. per hour from and at 
212 degrees per tb coal ae 


(21) Maximum equivalent evap. per hour from and at (18)[#212— h(2))[(27) + (28)](12) 
212 degrees per sq. ft. grate 965.7(10) 


(24) Average temperature boiler (See note below) 
(29) B. T. U. supplied to heat original water to temper- 
ature (23) (13) (haz — h(22)) 
(30) B. T. U. supplied to evaporate (14) tbs. water at 
pape (23) (14) (H212 — h(22)) 
(31) B. T. U. radiated from boiler during test 
212 + - (22) 


@—1.sLen(—7 - ee) + onlen—ent 
(32) B. T. y absorbed by boiler in heating from (22) to 
= (weight of boiler) x .13 x (200 — (22)] 
(33) Total B T. = supplied by (10) tbs. coal in (27) plus . 
(28) hou = C0) 5m + (31) + (32) 


(34) B. T. U. per sq. ft. grate per hour................ 





(2)[(27) + (28)] 
= 
(3)[(27) + (28)) 
(33) 
(10) 

(36)_ 
14000 

(15) x 965.7 
: 250 
9) = 966.7 


(35) B. T. U. per sq. ft. heating surface per hour 
(36) B. T. U. per pound coal 

(37) Efficiency of boiler 

(38) Steam rating from (15) 


(39) Steam rating from (19) 


_ 212 


Note 24 = ; (22) for (27) hours 


and (as — hia)(ts— 212) ((212 + (22)) + 065.7 (—212 + amps 
ne 2 





(hava — hia) (ts — 212) + a + =) 


2 
For (28) bours in which ty equals average temperature of fire and flue gases. 
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SUMMARY OF TEST DATA TAKEN FROM TWO TESTS UPON A CEN- 
TRALIZED HOT WATER HEATING AND ELECTRICAL GENERAT- 
ING PLANT. 


Data submitted by J. D. Hoffman, La Fayette, Ind. 

The first test was run in 1906 and the other in 1908. The 
results obtained check very well with a similar test made in 
1904, the data from which are not included here. The plant 
underwent a number of minor changes between the tests; but 
the main features remained unchanged. The values given are 
averaged for the entire test in each case, and the B. T. U. values 
were approximated to the thousand. Only a partial summary 
is given. For heating the water a 1,000-foot surface condenser, 
especially built for the exhaust steam of the plant, was used in 
connection with water-tube heating boilers. The principal 
pieces of apparatus in the plant connected to the steam supply 
during the last test were as follows: 


2—125-H. P. water-tube boilers. 

3—250-H. P. vater-tube boilers, 

1—450-H. P. .orizontal low-speed Corliss compound engine. 
1—125-H. P. vertical high-speed compound engine. 
1—250-H. P. vertical high-speed =. engine. 
1—centrifrugal, two-stage circulating pum 

2—horizontal duplex, reciprocating pumps, Pia’x 12” x 18”. 
4—small horizontal, reciprocating pumps. 

1—1,000-square foot heater. 


TABLE I.—PARTIAL SUMMARY OF RESULTS. 
1906 


. Square feet of radiation 
Temperature of circulating water in degrees F., flow main 
Temperature of circulating water in degrees F., return main. .... 
Temperature of circulating water in degrees F., after leaving heater 
Temperature of outside air in degrees 
Temperature of stack gases in degrees F., steam boiler 
Temperature of stack gases in degrees F., heating boiler....... a 
Draft in stacks (all boilers averaged) in inches of water. . , 
‘ as value of coal in B. T. U. per pound 
. B. T. U. delivered to steaming boiler per hour by coal........... 
- % S U: delivered to heating boilers per hour by coal 
. B.T. : delivered to circulating water by heating boilers per hour . 
. B. T. U. to be charged to heating boilers (Item 12—Item 15) . 
. B. T. u: delivered to circulating water by exhaust steam from the 
generating engines per hour 
. B. T. U. thrown away during test from pump exhausts and avail- 
able for heating circulating water 
. T. U. available for heating circulating water from all exhaust 
steam as in normal running (Item 14 + Item 15) 750, 15,073,000 
; bows, hy A U. given to circulating water per hour (Item 13 + 
22,007,000 


108,000 


SONS om ootors 


re 
20. Efficiency of heating boilers (Item 12 + Item 11) approx. 
. Value of coal in cents per ton of 2,000 pounds at the plant 
. Average electrical horse power 


5 cat i water pumped per sq. ft. of radiation per hour (Item 18 
1 


The deductions, Table II, are made from the following 
formule and Table I, for the cost of heating radiation for the 
average year when considered under three conditions, i.e., A, 


m © 
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(A) Assuming all heating to be done by heating boilers. 

(B) Assuming the heat from the exhaust steam from the 
electrical plant and the smaller pumps to be a credit to the heat- 
ing system. . 

(C) Assuming all the exhaust steam to be a credit to the 
heating system. 

The average temperature of the seven cold months was taken 
from statistics covering 20 years’ time, to be 38 degrees F. All 
results of the test, therefore, are reduced to this figure. 


FORMUL&. 


(A) = Item 17 x 5040 x Item 5 x Item 21 





Item 9 x Item 20 x 2000 x 38. 
(B) = Substitute in A, (Item 17 — Item 14) for Item 17. 
(C) = Substitute in A, (Item 17 — Item 16) for Item 17. 


TABLE II. 


Cost of Total Radiation Cost of One Square Foot 
for Ave Year for Average Year 
in Cents. 


Test of 1906, 118,000 sq. ft. J 
Test of 1906, 118,000 sq. ft. v 5.60 
Test of 1906, 118,000 sq. ft. C 4,306. ; 
Test of 1908, 150,000 sq. ft. y 
Test of 1908, 150,000 sq. ft. 

Test of 1908, 150,000 sq. ft. 


The following letter was sent to nineteen companies manufac- 
turing radiation. 


“Gentlemen: The following questions are submitted to you in behalf of 
the American Society of Heating and Ventilating Engineers by the Com- 
mittee on Tests. It is the desire of the committee to gather together and — 
formulate into a brief concisive statement such data as can be obtained on 
the measuring, testing, and rating of cast iron direct and indirect heating 
surface. The following questions are, therefore, proposed to you in the 
hope that you will give us a short, concisive statement upon all points wherein 
you have had experience or information. 

“1. What is your method of determining square feet of radiation in any 
cast iron radiator section? 

“2. Have you conducted any efficiency tests on radiators?. What is your 
method of conducting such tests? Give the outline. This should include a 
diagram of piping connections and method of catching and measuring con- 
densation. Make as definite as possible. 

“3. Have you any test data on direct radiation not published previously? 
If so, you will submit such data to the Society? If you have any test data 
that have been published, will you please state where the same may be found, 
or send copy? 

“4. Have you a summary giving pounds of water condensed per square 
foot of radiator surface per hour under various conditions of use? If so, will 
you submit the same? 
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“5. Have you made any tests on indirect heating.surface to determine 
the pounds of water condensed per square foot of radiator surface per hour 
under various conditions of use? If so, will you submit a summary? 

“6. Have you made any test on direct-indirect heating surface to deter- 
mine the number of pounds of water evaporated per square foot of radiator 
surface per hour under various conditions? If so, will you submit a sum- 
mary? 

“The committee understands of course that to answer such questions as 
fully as they should be answered requires time, and men in business are 
usually pressed for time. However, since we are all working for the build- 
ing up of the Society records, and for the standardizing of the various makes 
of radiators, it appeals to the committee that time so spent is well spent. 
May we hear from you in regard to this. 

“Awaiting your reply, we beg to remain, respectfully, 

“Signed by the Committee.” 


Replies were received from eleven of the nineteen companies. 
A summary is as follows: 

Two companies reported that they had made no tests and 
had no data on the subject. 

Two companies reported that they had made no tests, but 
that they would be willing to do so if the committee did not 
obtain the desired information otherwise. One of the two com- 
panies wished the codperation of a representative of the com- 
mittee in the making of such tests. Both companies were will- 
ing to furnish radiation for the committee’s use. 

One company reported that certain radiator tests were then 
in progress, and that they would be glad to report results later. 
This report has not yet come to hand. 

Four companies reported that they had tests made by reput- 
able engineers, and that the company had no data at hand. 

One company referred the matter to their consulting engineer 
with a promise that the committee would hear from them later. 
So far no reply has been received. 

Two companies answered the questions in detail, but these re- 
plies were of such a character as to give the committee little 
actual information. 

A partial summary is here given. 

Concerning question I, 1.¢.,.measurement of radiating sur- 
face, one company replied as follows: 

“Our method of determining the measurement of a radiator is by con- 
sidering the column of a radiator as a tube; and as all measurements are 


made on the 38-in. radiator as a basis, we have considered this radiator 
(without the legs) as-3 ft. high—so that a two-column radiator would have 
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two tubes, measuring in circumference not less than 16 in., or each tube 
having 8 in., and such tube being 3 ft. long would contain 2 sq. ft. of sur- 
face. The question as to whether the top and bottom closing portions of 
each tube if opened out would be equivalent to the tube itself, might be 
open to some discussion, but we have always considered it near enough for 
all practical purposes.” 

Concerning questions 2 and 3, i.e., the testing of the radiators, those com- 
panies making tests were interested in the comparative value of one radiator 
with another, i.¢., relative efficiencies. Tests made by the engineers not in- 
terested in the companies were from the standpoint of actual efficiencies. In 
such cases the tests had been made a number of years ago, and the data 
had been lost. One company submitted the following plan and elevation of 
pipe connection for such tests: 


STEAM INLET 
TO RECEIVER 


RADIATOR 


PLAN WATER COLUMN TO 
CATCH CONDENSATION 


RADIATOR 








4 
wa 
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“Instructions for operating: 

“ After both radiators are heated up thoroughly and all water is drained 
out of water columns, then close both valves at bottom of columns and allow 
the water to gather in column until it reaches nearly to top of glass. Both 
columns are then drained to bottom of glass, but never breaking the water 
seal. The water drawn off is weighed. This process is continued for any 
length of time desired to get a fair average.” 


Concerning question 4 no information could be obtained ex- 
cepting one reply which was upon wall radiation. This reply 
is as follows: 

“T enclose you herewith the results of a series of tests made at Cornell 


University, showing the actual efficiency of our several forms of wall radia- 
tion.” 
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Four Sections arranged horizontally. Rated surface, 28 square feet. 


Number of test 
Average steam pressure above atmosphere 
Barometer reduced to pounds 3 
Absolute steam pressure, pounds 24. ‘ 19.4 
Average temperature of _eneene a air, os F. 
Temperature of steam. ae 240 228 20 
Quality of steam - cent. 00 super heat super heat super heat 
Duration of test, hours 1.91 2 2 2 
Total weight of steam condensed, pounds . 22.16 20 .656 19.81 
Difference of temperature, steam, and surround- 

ing air, degrees 159 155.6 147 140 
Total heat per pound of steam B. T.U. 1155.4 1152.6 1152 
Total heat per pound condensing water . - 207. 4 200.4 195. 
Heat radiated per wi 947.9 952.2 56 . 
Total heat radiat - ‘ 21098 
Heat radiated per hour per degree difference of 

temperature, steam and air B.T.U. 67.88 
Ditto as above per sq. ft. actual surface. 2.18 2.261 
Ditto as above per sq. ft. rated surface. 2.34 2.43 
Weight of steam condensed per hour 4 : 11.08 
Ditto per sq. ft. actual surface . 0.369 
Ditto per sq. ft. rated surface ts 0.394 


Actual surface as measured 7.5 per section, or 30 sq. ft. per radiator. 


Concerning questions 5 and 6 no information was obtained. 

In the replies from the various companies it was plainly seen 
that there was no uniformity in the methods of measuring the 
radiator surface, or in the methods of testing the same by the 
various manufacturers. The spirit of codperation with the 
committee’s efforts seemed to be fairly general, and in only one 
case was it apparent that the company was fully satisfied with 
its present methods. The customary way of obtaining the value 
of the product seems to be to refer that product in comparison 
to some other type that has already been successful and accept-, 
able to the trade, regardless of its real value. Materials of the 
nature of radiators are what are considered a low-priced product, 
and the profit on the same is very small. Hence, the respon- 
sibility resting upon the manufacturer to make decisive tests to 
determine definitely what they will actually do, does not seem 
to warrant the manufacturers in making such tests. 

A duplicate letter was also sent from the committee to the 
various companies manufacturing blower apparatus. This 
letter contained essentially the following: 

“Gentlemen: We are addressing you to ascertain if you can provide the So- 
ciety with any test data relating to the condensation in heater coils under 
the various operating conditions. The information we desire is positive in- 
formation obtained from actual tests, and in case you have any such informa- 
tion which you will give to the Society for the benefit of the profession at 
large, we should like to receive the same in as complete a manner as pos- 
sible with full description of the conditions under which test was made, and 
the manner in which the log was kept. We should like as full and complete 


information as possible along the following lines: 
“1. What amount of condensation can be expected in the first section of 
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any group of coils with air at a given temperature and velocity passing over 
the coils? 

“2. What effect does the spacing of the pipes have upon the condensation 
in a section? 

“3. What effect does the varying of the air velocity have on the conden- 
sation? 

“4. What rise in air temperature is secured at the various sections? 

“We should like this information for one coil, two, three, four, five, 
six, etc. 

“5. What resistance does the first section offer to the fan suction? Like- 
wise the same information for a number of sections in a bank. 

“Any information which you will furnish us is to be embodied in the 
report of the Committee on Tests to the Society at the January meeting, so 
we would greatly appreciate any assistance which you can give us.” 


No definite replies were received from these letters, but the 
committee has been informed that such material would be given 
if each company could be assured that the response from the 
various companies would be general. 

In conclusion, the committee begs to suggest to the Society 
that the work is not as complete or as thorough as the com- 
mittee would desire, and it is hoped that it may be carried on 
until the final report at a later date may cover the subject com- 


pletely. It is also urged that the Society have expression at 
this meeting to the effect that any data sent in to the committee 
on tests will be considered strictly confidential and before being 
presented to the Society will have such names and classification 
stricken from them that they cannot be used for or against any 
one company. 


Respectfully submitted, 
J. D. Horrman, Chairman. 
R. A. WippIcoMBE, 
THEO. WEINSHANK, 
W. L. BronauGu, 
EuGENE P. BRADLEy. 


Mr. Chew: I move that this report be ordered printed and 
distributed with Mr. Blackmore’s report at the earliest con- 
venience. 

Mr. Weinshank: That is the sense of the committee. We 
think if this could be printed and distributed among the mem- 
bers and some of the figures verified, it would bring out not only 
a discussion, but information which some of you have and 
which we might use. If this is printed now possibly before the 
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summer meeting the committee could have more of a report 
to make. , 

The motion was seconded and agreed to. 

President Mackay: We will pass to the next order of busi- 
ness, report of the committee to collect data on fan blast heat- 
ing, Mr. Snow, Chairman. 

Mr. Snow presented the report. ‘ 

Mr. Snow: I would like to add in justification of this report 
that the committee used its best efforts to secure additional data 
from various members and manufacturers, and presented them in 
our first report last year, but we were not particularly successful 
in drawing out any additional information. 

The report was discussed by Messrs. West, Snow, Macon and 
Weinshank. 


REPORT OF THE COMMITTEE ON FAN-BLAST 
HEATING. 


Your committee having been continued in service as voted at 
the annual meeting in New York, January, 1908, made an ef- 
fort to secure additional data relating to the subject of hot-blast 
heaters. 

It being the desire of your committee to secure as much in- 
formation from as many sources as possible, certain non-mem- 
bers of our Society were communicated with. One of these, 
Mr. E. F. Child, replied that answers to nearly all our questions 
would be found in our article prepared by him, published in The 
Metal Worker of October 5, 1907. 

A perusal of this article revealed much information to add to 
that already gathered, and with the permission of that paper 
your committee presents the substance of that article herewith. 

Table I gives the maker’s ratings of volume to be dis- 
charged by the fan at the speed maintained during the tests; the 
velocity, as indicated from readings taken by means of a stand- 
ard form of anemometer, and the volume as calculated from the 
amount of steam condensed taking into consideration the heat 
rise and other factors, as shown by the various columns of the 
table. The method used in obtaining this volume may be of 
interest, as it is simple and quite original. 

For example, take test No. 7 from Table I as an illustration. 
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The steam pressure is 5-lb. gauge, and the temperature of steam 
is taken as 227 degrees F. The latent heat is 954 B. T. U. per 
pound. This added to the sensible heat above 212 (227—212) 
gives 954 + 15 = 969 B. T. U. in each pound of steam avail- 
able for heating purposes. In this test 573 lb. of steam was 
condensed per hour in a heater having 377 sq. ft. of surface, 
raising the air temperature from 20 to 74 degrees, or through 
54-degree rise, in passing over 10 rows of I-in. pipe. 

The rated volume of air is 7,350 cu. ft. per minute, and the 
air meter indicated a volume of 11,480 cu. ft., which is 55 per 
cent. in excess of the fan rating. The 573 lb. of steam con- 
densed in one hour at 969 B. T. U. per pound will give up 
555,237 B. T. U., which equals 9,254 B. T. U. per minute. 
The specific heat of air is 0.2377. The heat [temperature] rise 
of air is 54 degrees. The volume of 1 lb. of air at 74 degrees is 
13.45 cu. ft. Therefore, 9254 + (54 X 0.2377) X 13.45 = 
9,677 cu. ft., the volume of air passing over the heater per min- 
ute, which is 32 per cent. greater than maker’s rating, but which 
is 16 per cent. less than the anemometer reading. 


RADIATION PER DEGREE DIFFERENCE. 


Since air enters at 20 degrees and leaves at 74 degrees, the 
average temperature is 47 degrees, and with steam at 227 degrees’ 
the average difference in temperature of air and steam is 180 de- 
grees. From this the radiation per square foot of surface per de- 
gree difference between air and steam may be obtained as follows: 

Total heat units, 555,237 B. T. U.; total heating surface, 377 
sq. ft.; difference in temperature air and steam, average 180 de- 
grees. Let E = radiation per square foot per degree difference 
air and steam, 


oo EE... on 
Then Bo ee 


Volume of air is 9,677, free area through heater is 8.82 sq. ft., 
therefore the velocity of air passing over the coils is 1,100 ft. per 
minute, or 18.3 ft. per second. 

At this velocity, using formula E = “4 V, in which V = 
velocity of air in feet per second, the British thermal units per de- 
gree difference are 8.6. 

Chart A shows a curve plotted from this last formula, upon 
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which has been indicated by means of crosses the results of the 
20 tests shown in Table I, the velocity of air over the coils being 
figured from the volume obtained by calculations from the actual 
steam condensation, as described above. It will be observed that 
there is a wide variation in these results, but the curve strikes a 
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very fair average of them all, and it has been adopted as the basis 
for calculating the heat [temperature] rise of the air in passing 
over the coils. ‘ 


RISE OF TEMPERATURE IN HEATER. 


In calculating the rise in temperature it is not possible to con- 
sider the entire surface as a unit. The temperature of the air in- 
creases as it strikes each row of pipes and the condensation, and 
the corresponding heat rise are greater in the outside rows which 
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come in contact with the coldest air, and they ‘gradually diminish 
as the air passes over the successive rows. 

The figures for heat rise have been worked out row by row, 
taking a standard section containing 138 sq. ft. of surface in two 
rows, the free area between the pipes being 15.32 sq. ft. The 
calculations are made for 1,200 and 1,800 ft. per minute velocity 
of air passing over the coils and ,with the steam pressure 5 and 
80 Ib. gauge. 

The air volume equals the area times the velocity. The weight 
is figured from the volume assuming a temperature of 130 de- 
grees, which is the ordinary temperature of air discharged where 
buildings are heated by the fan system. From the above data the 
following formula has been derived: 


(T,-—T.)X HXE 


R=-AxXVaXx W X 60 X 0.2377. 





In which 

R = Degrees Fahrenheit rise for each two-row section. 

T, = Temperature Fahrenheit of steam. 

T, = Temperature Fahrenheit of air. 

H = Square feet of surface in two-row section. 

E = British thermal unit per degree difference between air 
and steam. 

E = V4 V, in which V, = air velocity in feet per second. 

A = Area through heater in square feet. 

Vim = Velocity of air in feet per minute. 

W = Weight of 1 cu. ft. of air-pounds. 

Then for rise in two-row section with 1,200 ft. velocity. 


bs (T, — T,) X 138 X 9 
"15.32 X 1,200 X 0.0676 X 0.2377 X 60. 
Solving: R = (7, — T,) + 0.0704. 
Let T, — T, = D. 
Then R = D X 0.0704. 
In like manner for 1,800 ft. per minute velocity we find 
that 
R =D X 0.0573. 





From these two equations it is a simple matter to work out the 
rise in the successive two-row sections, and the result of these 
calculations is shown in Chart B. [A comparison will show that 
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the curves for 5-lb. gauge pressure are very close to the figures 
for heat rise given in Allen’s “ Notes on Heating and Ventila- 
tion,” for 1,250 and 1,700 ft. per minute velocities, although that 
work does not state the steam pressure. ] 

These curves have been carefully compared with a large num- 
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ber-of heater tests, due allowance being made for corrections in 
volumes and velocities, and the results, while conservative, may 
be applied to all the standard types of pipe heater on the market, 
where the pipe spacing is relatively close. 
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DRAW THROUGH AND BLOW THROUGH HEATERS. 


An important point which is generally overlooked by designers 
in calculations for sizes of fans and heaters is the question 
whether the fan draws or blows the air over the coils. The 
foregoing data are based on a heater of the draw through type, 
as that is more commonly in use. This type is to be recom- 
mended in a majority of cases on account of the even tempera- 
ture of the air leaving the fan, due to the thorough mixing it 
gets in passing through. the fan. With the blow through type 
the air passes directly into the ducts, and, if the circulation of the 
steam in the coils is not perfect, there is sometimes a tendency 
toward streaks of cool air in the heat ducts. It is sometimes de- 
sired to discharge air at different temperatures from the same 
apparatus, and in such an instance the blow through type with 
cold or tempered air by pass must be used. 
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It is well known that the volume of air varies directly with its 
absolute temperature. This is shown by Chart C. On this chart 
has also been plotted a curve showing the volume of a pound of 
saturated mixture of air and vapor at different temperatures. 
The presence of vapor in air for heating may, however, be neg- 
lected, except where humidifying apparatus is used, as the quan- 
tity of water vapor at low temperatures is very slight, and the 
relative humidity of the Heated air becomes less and less, as its 
temperature is increased, even though it may be saturated when 
it enters the heater. 
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A fan at a given number of revolutions per minute will, other 
conditions being equal, handle a constant VOLUME of air, irre- 
spective of temperature. 

Taking, for example, an extreme case, a fan drawing through 
a heater which raises the temperature from o degrees to 150 de- 
grees F., and creating a velocity of 1,800 ft. per minute over the 
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last row of coils will produce a velocity of less than 1,400 ft. per 
minute over the first row. If conditions are reversed, and the 
fan is made to blow through a heater, which under the new con- 
ditions is capable of raising the air from o degree to 150 degrees 
F., the free area through the heater being the same as before, the 
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velocity over the first row of coils will be 1;800 ft. per minute, 
and over the last row will be 2,400 ft. per minute. This has been 
worked out for varying conditions, and the results of the calcu- 
lations have been plotted on Chart D. 


ac 
> 
ce) 
= 
ec 
ui 
a 
z 
° 
& 
a 
< 
« 
8 
w 
WwW 
< 
g 
o 
WwW 
a 
> 
F 
a 


NG 
BE |USED 


a MM s ss ss 2 8 
DEPTH OF HEATER-ROWS 


Cuart F. 

The percentage of gain has been replotted on Chart E, and a 
few notations have been made to show how the chart may be 
used. 

CONDENSATION. 


Using the curves for temperature rise as a basis (see Chart 
B), a computation has been made to determine the probable con- 
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densation per square foot per hour in each row of the heater, 
starting with air at zero, for varying conditions of air velocity 
and steam pressure. For ready reference the results have been 
plotted (see Chart F). 

It is interesting to note that the condensation at 80-lb. gauge 
and 1,200-ft. velocity is not widely different from that at 5-lb. 
gauge pressure and 1,800-ft. velocity. This brings out very 
clearly the greatly increased capacity of coils at higher velocities. 
It is also interesting to note the rapid fall in condensation as the 
difference in temperature of air and steam diminishes. 

Chart F must always be used in conjunction with Chart B, as 


Fic. 1. 


they are interdependent. For instance, if entering air is 30 de- 
grees. 

Steam is 5-lb. gauge. 

Velocity is 1,200 ft. per minute. 

Heater is 16 rows deep. 

It will be noted that 30 degrees corresponds to four sections, 
so that for 16 more sections, or corresponding to 20 sections, the 
temperature of the air on leaving the heater is 117 degrees. The 
condensation, according to Chart F, should vary from 1,760 B. 
T. U. in the first row to 980 B. T. U. in the last row. 
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Tables and data relating to cast-iron hot-blast heaters pre- 
sented by Mr. Theodore Weinshank at the 1908 summer meet- 
ing of this Society are repeated below, in order to put available 
data in one report which, when completed, is to be turned over 
to the Committee on Standards with the hope that a sufficient 
amount of information will be presented to enable that commit- 
tee to recommend certain standards for this class of heating. 

The type of heater referred to is illustrated in Fig. 1. The 
tables mentioned are as follows: 


TABLE II.—RIsE OF TEMPERATURE PER DEGREE DIFFERENCE BETWEEN TEMPER- 
ATURE OF STEAM AND MEAN TEMPERATURE OF AIR FOR DIFFERENT VELOCITIES 
OF AIR.—VOLUME OF AIR MEASURED AT 70 DEGREES. 


Velocity, - — Number of sections heater is deep. 
feet per minute. k 3. 
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TABLE III.—HeEAT UNITS TRANSMITTED PER SQUARE Foor oF HEATING SurR- 
FACE PER Hour PER DEGREE DIFFERENCE BETWEEN THE TEMPERATURE OF 
THE STEAM AND THE MEAN TEMPERATURE OF THE AIR, 


Mpremges o Number of sections heater is deep. 
feet per minute. 1. 2. 4 4. 5. 
11.94 12.17 y x 12.50 
11.91 11.76 ‘i 12.06 11.86 
11.70 11.28 ¥ 11.18 
11.50 10.79 Y s 10.51 
11.11 10.21 10. . 9.81 
10.72 id ‘ 9.2 9.09 
10.23 x : i J 
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TABLE IV.—FINAL TEMPERATURE OF AIR WHEN ENTERING HEATER AT O DeE- 
GREES.—TEMPERATURE OF STEAM IN HEATER, 227 DEGREES.—VOLUME OF 
AIR MEASURED AT 70 DEGREES. 


b game Number of sections heater is deep.——— 
feet per minute. 4 ate 5. 
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TABLE V.—FRICTION Loss IN INCHES OF WATER DUE TO THE SECTIONS.— 
VOLUME OF AIR MEASURED AT 70 DEGREES. 


Velocity, 
feet per minute. 
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Table IV shows the final temperature of air entering the 
heater at a temperature of zero degrees when the temperature of 
the steam in the heater is 227 degrees, corresponding to a press- 
ure of steam of 5 Ib. by the gauge. 

Table V shows the friction loss, or resistance to the flow of air 
through a heater made of these sections, for different velocities 
of air in feet per minute. 

In all of these tables the volume of the air is measured at 70 
degrees, and the velocity of the air passing through the heater is 
obtained by dividing the volume measured at 70 degrees by the 
free area of the heater. The free area is approximately 50 per 
cent. of the gross area. 

Certain questions and suggestions relating to our first report 
presented at the January, 1908, meeting will receive due atten- 
tion when our final report is made up for the consideration of the 
Committee on Standards. 


Wa. G. Snow, Chairman, | 
R. C. CARPENTER, Committee 

J. H. KIngEAty, 7 on 

F. R. Stix, Fan-blast Heating. 





J. H. Brapy. 


4 


Mr. West: I should like to ask Mr. Snow if Mr. Childs gave 
any data as to the spacing of the pipes. In other words, any 
data from which we could get the number of square feet of 
heating surface per square foot of area, otherwise I do not see 
how the table could be of very much value, because the tempera- 
ture rise through a coil or series of coils depends as much on 
the number of square feet of heating surface per square foot 
of area as it does on the number of coils, and while these curves 
would be very valuable for this particular heater if we knew 
what the heater was, I do not see how they can be very valu- 
able otherwise. 

Mr. Snow: He speaks of standard types of pipe heater where 
the pipe spacing is relatively close. Those familiar with that 
class of heater would interpret that statement to mean a spacing 
ranging from perhaps 2% to 234 inches. 

Mr. West: As I understand it that means a clear area rang- 
ing from 25 per cent. to 50 per cent. 

Mr. Snow: I think I can state without being very far from 
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the mark that. the free area is probably in the neighborhood of 
40 per cent. of the gross area. 

This paper is printed verbatim from the original article that 
was prepared by Mr. Childs, and is bringing out just the dis- 
cussion we hoped it would. Speaking personally, I have no 
doubt I can secure from Mr. Childs the definite information 
which seems desirable and which the paper does not appear to 
contain. The questions brought up will enable the committee - 
to secure further data along these lines. 

President Mackay: Your point is well taken, Mr. West. You 
will understand that is simply a copy of Mr. Childs’ article. 
Mr. Snow’s committee have not the facts, but will undertake 
to get them and see that they are furnished. 

Mr. West: I want to say in the beginning that I feel very 
grateful towards this committee for the valuable data which are 
being collected. I am, as I presume most of us are, finding 
good use for them. Ever since my first connection with the sub- 
ject of fan blast heating I have been rather impressed with the 
fact that we never seemed to get down to a rational basis of 
figuring. Having checked over most of the data presented at 
both this and the preceding meeting I should say, that any part 
of these data may be used to practical satisfaction within the 
scope of the particular conditions for which they are adaptable. , 

There seems to be a lack of untversal applicability, however, 
which limits each particular formula or table to a small field. 
This is no doubt due to the empirical treatment which the sub- 
ject has thus far received. 

I have just developed a rational formula covering the per- 
formance of indirect heaters. After having been checked 
against a number of tests, against the data presented here, and 
other existing tables, curves, etc., this formula seems to give 
promise of the basis for a more or less universal treatment of 
the subject. 

The formula in its general form may be written: 

R= peel 
VV 
and for all practical purposes, within the scope of present ac- 
curacy on the subject it may be written 


DZN 
R=o0.0854——- - .-.-.... ( 
5 aw ) 
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Here R = rise in temperature of the air; K =a constant 
depending on the kind of heating surface; D = effective aver- 
age temperature difference between the air and the steam 


T,-T, 
a ee.’ 3 
log, 7) 
s 1 


Z = the number of square feet of heating surface per square 
foot of clear area per unit depth of heater; m =a power ap- 
plicable to (Z) and depending on the type of heating surface; 
N =number of units in depth of heater; V = velocity of the 
air at 70 degrees Fahr. in feet per minute through the clear 
area; m = a root applicable to V and depending on experiment. 

The primary endeavors connected with the development of 
this formula were to get away from the idea of having it ap- 
plicable to one make or type of heater only, and to have it 
adaptable to all conditions of temperatures and velocities. 

No two heaters of different makes give anything like the 
same temperature rise to the air for the same number of pipes 
in dc th of heater and equal air velocities. 

The temperature rise depends as much upon the number of 
square feet of heating surface per square foot of clear area per 
unit as it does upon the number of units in depth of heater. 

A factor (Z) is introduced covering this, the same being equal 
to the square feet of heating surface per square foot of clear 
area per unit; and is made a multiplier of the number of units. 

Another fact with which we are all more or less familiar is 
that the average temperature difference between the air and 
steam (for all points throughout the heater) depends not only 
upon the temperatures of entering air and steam but upon the 
temperature of the leaving air also. 

A factor (D) is introduced to accurately comprehend this 
instead of using the temperature difference between entering 
air and steam, or between the average of the air extremes and 
steam. 

The fundamental theory from which this formula was de- 
veloped, therefore, is the basing of the temperature rise of the 
air on the number of square feet of heating surface per square 
foot of clear area through che radiator, rather than upon the 
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number of units in its depth. Another departure from common 
practice is in the introduction of the effective average of differ- 
ences between the temperatures of the air and the steam as 
a factor, in place of either temperature difference between the 
entering air and steam, or the average air and steam. 

The reasons for these departures are reasonable enough and 
are as follows: The square feet of clear area through the heater 
when multiplied by the velocity gives the volume of air to be 
heated. Since the number of heat units required for this is 
practically in direct proportion to the volume, it is likewise in 
direct proportion to the clear area. Therefore the tempera- 
ture rise will be in direct proportion to the number of square 
feet of surface per square foot of clear area. Again, it is a well 
established fact that the B. T. U. transmitted per square foot 
of surface per hour are practically directly proportional to the 
difference in temperature between the steam and air. This ap- 
plies to all portions of the heating surface, hence the average 
rate of transmission will be proportional to the effective aver- 
age difference. 

Also, since the temperature rise is proportional to this rate 
of transmission, it is in turn proportional to the effective aver- 
age difference. The value for this effective average difference, 
D, as given above, may easily be deduced by the aid of calculus 
and has been used for years in the calculations for feed water 
heaters, which calculations are analogous to those for hot blast 
heaters. 

It is believed that by the introduction of the above factors 
in the formation of the formule given we get the basis, at 
least, for a rational formula and it only remains to assign the 
proper values to K, m and m from experimental data. 

Formula No. 1 has been plotted out and is shown on Plate 
No. I. 

On Plate No. 2 is shown a comparison between this formula 
and some contemporary data of a similar nature. 

All curves on this latter plate are shown for 1,000 feet veloc- 
ity, oO degree Fahr. entering air and 5 lbs. steam pressure. 

This sheet is self explanatory and shows a very close rela- 
tionship between the rational formula curve and some of the 
others under the particular conditions selected. 

These conditions represent approximate average heating 
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conditions and we would naturally expect all data of any value 
to check up more or less closely at these points. 
Notwithstanding this, it is noted that some of the curves 
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PLATE No. 1 
show widely differing values even under these average con- 
ditions. 

Attention is drawn to the close agreement between Curves 
I, II and III, and to the fact that Curves II and III represent 
the most recently developed and perhaps most accurate formulz 
and data in use to-day. 
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Curve II is plotted from the formula presented by one of 
your members at the last annual meeting, and will be recog- 
nized at once as 
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PLATE No. 2 


Where v = velocity of air in feet per second; » = number 
of 1-inch pipes in depth of heater. 

Curve III is plotted from the data recently given out by a 
reputable concern covering the performance of cast-iron heat- 
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ing surface and checks up very closely with data of the same 
nature presented by your Committee at this meeting. 

These two curves, which agree with the rational curve so 
closely under the conditions named, have their limitations, 
however, and I think a word might be said concerning this and 
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the shortcomings of some of the other data cited so as to pre- 
sent more clearly, if needs be, the necessity of some more ac- 
curate basis of figuring. 


In Formula II, if we keep all conditions constant except the 
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velocity, V, we get results varying directly'as —;=. This 


would represent actual conditions only on the assumption that 
the average temperature difference between the air and the 
steam remained constant. This cannot occur, however, owing 
to the changes in R due to changes in velocity. The formula 
is an empirical one, therefore, which, while apparently correct 
for average conditions, will show undue variations for all 
others. 

Curves III, IV and V are made up from manufacturer’s 
tables and are rather outside of this discussion except for com- 
parison. Some of these data evidently need revision badly. 

Formula VI and VII embody the same fault as Formula II, 
although in Formula VII this is somewhat ameliorated by us- 
ing the average temperature of the air in place of the entering 
temperature of the same. Plate No. 3 will show the error to 
be expected from this. Besides this the two last formule em- 
body another more serious defect as follows: K is a constant 
depending on the kind and type of radiation, on the number 
of units in the depth of the heater and on the velocity of the 
air. It has a number of values, therefore, each corresponding 
to a certain combination of the above-mentioned variable fac- 
tors. For any purposes, except approximations of the very 
crudest nature, it is necessary not only to have a series of: 
values for K corresponding to each kind and type of radiator, 
but that each series of such values shall cover all possible com- 
binations between the number of units in depth of heater and 
the various air velocities. 

It is a common occurrence to see this formula given with a 
table of values for X, depending solely orf the number of units 
in depth of heater. In many such instances the kind of type 
of radiator is not referred.to. When this last factor is omitted, 
it is, of course, folly for one to use the formula. This can be 
best appreciated by reference to any reputable heater tables, 
where it will be seen that almost twice the number of standard 
I-inch pipe coil sections are required for the same temperature 
rise with 50 per cent. Clear area coils as with 35 per cent. clear 
area coils. As to the variations in K, due to changes in I’, 
very little or no stress is placed upon this, as far as I am able 
to learn from the public records of the formula. As a matter 
of fact, I have nowhere been able to find the factor mentioned. 
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The rational formula, if equally applicable to all ratios be- 
tween heating surface and clear area and to all temperature 
and velocity conditions, eliminates at once these faults of the 
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empirical formulz, which limit these latter to a certain set of 
conditions. 

It would only remain then to assign the proper value to K 
corresponding to the kind of heating surface and we have a 
formula suitable for any case. 

It is obvious that the uses of such a formula are manifold. 
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For instance, it is frequently necessary to reheat air for certain 
rooms and spaces, after it has been previously heated to the 
temperature to be used throughout the remainder of the 
building. 

In such cases formulz adaptable to ordinary conditions only 
will not apply. 

It may be said, in connection with formula No. 2, however, 
that it agrees very closely with the rational formula under such 
conditions. Plate No. 4 shows a comparison of the two curves 
with entering air at 70 degrees Fahr. 

Mr. Barwick: I should like to ask Mr. West what the basis 
of the upper curve (curve (V), plate No. 2) is as far as the free 
area between the pipes is concerned; whether he has considered 
that. 

Mr. West: The free area through the pipes here is approxi- 
mately 50 per cent. The free area through the coils for curve 
(IV) is approximately 50 per cent. The free area through 
curve (III) is 45 per cent., and the free area through curve (II) 
is 35 per cent. So as I said before, within the scope of the 
present accuracy of figuring out heater coils, it does not seem 
that power of Z would cut any figure as to the temperature 
rise. In other words, we must get the temperature rise down to 
a little closer basis before we can put any power on Z. I should 
just like to add, and I think it is partly shown in this paper pre- 
sented to-night, that the scheme of using the average tempera- 
ture between steam and air instead of the temperature between 
the entering air and steam is a good one, and it is along the line 
of these curves. 

President Mackay: We will pass on to the report of the Com- 
mittee to Collect Data on Hot Water Heating for Residences. 
Mr. Capron is not here, and Mr. Lewis, a member of the com- 
mittee, will read the report. 

Mr. Lewis presented the report, which had been printed in 
pamphlet form and mailed to members previous to the meeting. 
The report was discussed by Professor Carpenter and Messrs. 
Macon, Seward, Lewis and President Mackay. 
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FINAL REPORT OF THE COMMITTEE TO SECURE 
DATA ON HOT-WATER HEATING. 


AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS. 


After three preliminary reports to the Society, in which were 
submitted, first, a plan of procedure; second, replies to questions 
sent out; third, the result of tests made, the Committee beg leave 
to submit as a final report the accompanying notes, which are 
from the following sources: 

Text-books and publications of prominent engineers. 

Practice of engineers and contractors as shown by some sixty 
replies to letters asking for data. 

Experience of and tests secured by the Committee. 

Study and comparison of trade catalogues and information 
given by manufacturers. 


Direct RADIATION: 


The best practice calls for the use of the heat unit as a basis 
for computing the amount of radiation required. 


TABLE A.* 


Within the ordinary range of temperature, the losses in B. T. U. per sq. ft. per 
hour through various substances as given below, seem to be conservative. 


Temperature outside 
= BN a ccadnncdessetasveesdncesaond 


—10 
70 
Sdmads Nee WEN... ccccccscccssescccscccescccess é 

12 te Md - 

_ = 

20 

o4 * “ “wt 

Single window.... 

ie. are 

Single skylight 

8-inch frame housewall plastered inside 


Cold floor areas, approximated by the committee 
from tests of rooms over open porches.......... 


40 

70 

13 

10 

“ 8 
. x 7 
6 

36 

24 

31 

8 


The heat lost through surfaces exposed to cold may be found 
by using the above multipliers. The result should be increased 
by 30 per cent. as an allowance for leakage; or in rooms with 
three or four sides exposed, the leakage may be assumed as ordi- 
narily not exceeding one change of air per hour, and the B. T. U. 
lost in this way may be determined as follows: 

SX? a ¢.¥. 
55 


C = contents of room; T = temperature desired. 


* With the exception of the last item this table is from the “Cyclopedia 
of Engineering” of the American School of Correspondence. 
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Fifty-five is approximately the number of cubic feet of air 
raised one degree by one B. T. U. 

The glass area should be deducted from the exposed wall area 
before multiplying. The table is for southern exposure. Addi- 
tions should further be made as follows for ordinary conditions: 
North, 25 per cent.; northwest, 30 per cent.; northeast, 20 per 
cent. ; east, 10 per cent. ; southeast, 5 per cent.; west, 25 per cent. ; 
southwest, 15 per cent. The radiation on any side toward which 
there is an especial chance for strong wind to blow must be in- 
creased from 10 to 20 per cent. In the above additions north- 
west wind is assumed as most prevalent. To design any heating 
apparatus intelligently the points of the compass and surrounding 
conditions must be known. 

The total B. T. U. as obtained above, after additions for leak- 
age and exposure have been made, is to be divided by 150 for 
hot-water heating, as this is a conservative estimate of the amount 
of heat given off per hour by one square foot of ordinary cast- 
iron radiation with the room at 70 degrees and the water at an 
average temperature of 170 degrees. The quotient is the amount 
of direct radiation needed. 


INDIRECT RADIATION: 


The amount of indirect radiation required may be worked out 
by assuming the following : 

The values shown in parenthesis are probably correct with 
indirect hot water. 

Temperature of the air entering the room (110 degrees). 

Average temperature of the air passing through the radiator 
(55 degrees). 

Temperature of the air leaving the room (70 degrees). 

Velocity of the air passing through the radiator (240 feet per 
minute). 

Having found the loss of heat by exposure, to find the cubic 
feet of air necessary to carry this to the room at the given tem: 
perature: 

HX 55 


= cubic feet of air per hour. 


H = exposure loss in B. T. U. per hour; T = temperature 
of the air entering the room; t = temperature of the air leaving 
the room. 
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Given this volume of air to find the heat necessary to raise it 
to the entering temperature: 


(T -?) oS. Heat. 


T = temperature required; t = temperature of the air entering 
the radiator; C = cubic feet per hour. 

The amount of radiation is found by dividing the total heat 
by the efficiency of the radiation at the velocity and temperature 
difference assumed. 


TABLE B. 


The following table gives the emission of heat by indirect radiators per square foot 
per hour per degree difference in temperature : 


VELocITY OF AIR IN FEET British THERMAL 
PER MINUTE. U 


174 
246 


450 
474 
492 


The difference between 170 degrees (average temperature of 
the water in the radiator) and 55 degrees (average temperature 
of the air in the radiator) being 115, the efficiency at 240 feet 
velocity per minute is 2. per degree difference or 230 B. T. U. 

Ordinarily the amount of indirect radiation required is com 
puted by adding a percentage to the amount of direct radiation. 
and an addition of 50 per cent. has been found sufficient in many 
cases; but in buildings where a standard of ventilation is to be 
maintained, the above formula seems more likely to give satis- 
factory results. Free area between the sections of radiation to 
allow passage of the required volume of air at the assumed ve- 
locity must be carefully maintained. The cold-air supply duct, on 
account of less frictional resistance, may ordinarily have 80 per 
cent. of the area between the radiator sections. The hot air 
flues may safely be proportioned for the following air veloci- 
ties per minute: First floor, 200 feet; second floor, 300 feet; 
third floor, 400 feet. 


g9 2020202 WW wWtom z 
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BolLers: 


Many boilers for residence heating are not rated satisfactorily 
in the catalogues. Among twelve familiar types the hot-water 
rating for the same grate surface varies from 2,800 to 3,875 
square feet. The amount of heating surface is not generally pub- 
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lished and information is difficult to obtain. It probably varies 
50 per cent. among these same twelve types. é 

Given proper combustion and sufficient length of fire travel to 
prevent excessive draft, the amount of heating surface is appar- 
ently not a prime factor, as boilers with large combustion cham- 
bers and comparatively small heating surface have surpassed the 
performances of other boilers of the same type and grate area 
with small combustion chambers and large heating surface. 

A restricted combustion chamber is kept at rather a low tem- 
perature by the proximity of the water-cooled surfaces and the 
high temperature of good combustion is difficult to obtain. As 
a rule, the longer and higher the fire-box the better the combus- 
tion.* Apparently 8,000 B. T. U. per Ib. of coal is a conservative 
average estimate of the heat transmitted to the water in a well- 
designed boiler, after allowances for various causes commonly 
affecting the efficiency have been made. Hard coal usually gives 
off more heat per pound than soft coal, but on account of the 
more rapid combustion of soft coal the final results of the two 
fuels about balance. Thus, if we divide the heat given off per 
hour by the radiation and piping by the effective value of the 
coal, we have an estimate of the pounds of coal that must be 
burned per hour. 

The grate surface to be provided depends on the rate of com- 
bustion, and this in turn depends on the attendance and draft, 
and on the size of the boiler. Small boilers are usually propor- 
tioned with a small amount of heating surface per unit of grate, 
and thus are adapted for intermittent attention and a slow rate of 
combustion. The larger the boiler, the more attention is given 
to it, and the more heating surface is provided per square foot 
of grate. The following rates of combustion are common for 
Internally Fired Heating Boilers: 

TABLE C. 


Sq. FT. OF PounDs oF Coat (HARD) PER 8Q, PT. 
GRATE. PER HOUR. 
4to 8 Not exceeding 4 pounds. 
10 to 18 ms = 6 
20 to 30 “ “ 10 


The number of pounds of coal to be burned per hour divided by 
the rate of combustion indicates the size of the grate required. 


*Wm. G. Snow in “ Principles of Heating.” Some authoriites give as 
high as 10,000 B. T. U. for hard coal. In the judgment of the committee 
it is wise not to calculate on over 8000 B. T. U. for small internal fired 
boilers. 
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It is desirable so to proportion residence boilers that attention 
need ordinarily be given them only about once every eight hours. 
The fire-box should be sufficiently large to hold this amount of 
coal with its attendant ash and clinker and still leave ample room 
for the mixture of the products of combustion. 

Multiplying the amount of coal required per hour by the num- 
ber of hours intervening between replenishments and adding 20 
per cent. for ash and clinkers gives a conservative estimate of the 
number of pounds of coal to be accommodated. This divided by 
50, the number of pounds of ordinary coal in one cubic foot, gives 
the space occupied by the fuel. As this should not exceed about 
one-third of the total height of the fire-box for soft coal, this 
sum multiplied by three gives the fire-box capacity in cubic feet 
for soft coal. Multiplying the fuel space by two is believed to 
give ample combustion space for hard coal. Combustion must 
be completed in the fire-box of the ordinary boiler or it is never 
completed. The flues are merely economizers acting to cool down 
the products of the combustion before-entering the chimney. 


WATER HEATERS. 


The use of steam coils in a tank or feed-water heater for heat- 
ing water to supply hot water radiation is common, and because 
of the rapid circulation and ease of regulation gained is often de- 
sirable. 

Having determined the amount of hot water radiation, to find 
the square feet of brass piping in a tank necessary to heat the 
water to the desired temperature : 


RxXX 

(S—W) 95 

R = hot water radiation; X = B. T. U. given off per hour by 

1 sq. ft. of radiation (150 for direct, and 230 for indirect at 170 

degrees) ; S = temperature of the steam (depending on pressure 

used) ; W = temperature of the water. 95 is the approximate B. 

T. U. given off by 1 sq. ft. of brass coil per degree difference per 

hour. Allowance must be made liberally for mains and tank radi- 
ating surface. 


= sq. ft. brass pipe surface. 


PIPING. 


Too much cannot be said as to the importance of reaming the 
piping for hot-water work. All piping and nipples should be 
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reamed slightly larger than the inside diameter. The amount 
of water of a certain temperature required per hour by radia- 
tion may be determined by the following formula: 


Rx xX 
20 X 60.8 X 60 





= cu. ft. of water per minute. 


R = square feet of radiation; X = B. T. U. given off per hour 
by one square foot of radiation (150 for direct and 230 for 
indirect) with water at 170 degrees. Twenty is the drop in tem- 
perature in degrees between the water entering the radiation and 
that leaving it: 60.8 is the weight of a cubic foot of water at 
170 degrees: 60 is to reduce the result from hours to minutes. 

The average sizes of mains, as used by seven prominent engi- 
neers in regular practice for 1,800 square feet of radiation, are 
given below: : 


2 Pipe open tank system, 100 ft. mains 5 in. pipe = 26.6 ft. velocity per minute. 
“ “« "Wo" «§ Be © =1R4 “ “ “ 


Overhead “ “ 100 ** 4%“ “«* — 41.8 * 
os “ “ “se 100 ** 3° “ =92.1 * 


For 1,200 , feet indirect radiation with separate main, 100 feet long, direct from boiler, 
open system, the bottom of the radiator being 1’ 0’ above the top of the boiler—5” Pipe=22.4 feet 
velocity per minute. 


The following is taken from “ Principles of Heating,” by Wm. 
G. Snow: 


“Tf the volume of water passing through pipes of different 
sizes is known, the radiating surface they will supply may be 
readily computed. With the same drop in temperature in radia- 
tors, the force causing circulation will be alike in all. With pipes 


of equal length, the resistance will vary, as the square of the 
72 


velocity and inversely as for the diameter expressed as 4° Now, 


if we assume, for example, that a 2-inch pipe will supply 200 


square feet of direct radiation, which in practice it will readily 
72 72 


do, and compute the value of a then make 5 the same for 


pipes of other sizes, a table may be prepared showing the radiat- 
ing surface that may be supplied by pipes of different diameters 
when working under the same conditions, with respect to the 
head causing the flow and the resistance to the circulation.” 

As the velocities stated agree with the practice of the seven 
engineers above tabulated for a two-pipe open system, the fol- 
lowing table has been prepared, using Mr. Snow’s table as a 
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basis, and changing the amounts of radiation supplied under 
other conditions in proportion as these given by him vary for 
other sizes of pipe. The amount used as a base in each column 
is in heavy type. 

TABLE D. 


The capacity of mains roo ft. long, expressed in the number of square feet of hot- 
water radiating surface they will supply, the radiators being placed in rooms at 70° 
Fahr., and 20° drop being assumed. 
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The capacities of risers for different floors, from data obtained 
from nine engineers, in the same manner, agree almost exactly 
with Mr. Snow’s table given below for an open tank system. The 
table for an overhead closed tank system is proportional to Mr. 
Snow’s table for mains, using as a basis 300 square feet of radia- 
tion on a 2-inch riser. 

TABLE E. 
The capacity of risers expressed in the number of square feet of direct hot-water 


radiating surface they will supply, the radiators being placed in rooms at 70° Fahr. 
and 20° drop being assumed : 
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= | a 
112 
160 


| 
300 
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64 
142 
200 
375 
580 

1,000 


810 








All horizontal branches from mains to risers or from risers 
to radiators, more than 1o ft. long (unless within 15 ft. of 
boiler), should be increased one size over that indicated for 
risers in the above table. 
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Inasmuch as radiators are commonly tapped 1 inch up to 40 
square feet, 1} inches from 40 to 72 square feet, and 14 inches 
for larger than 72 square feet, little is to be said about the size 
of radiator connections. One prominent engineer states that 
with one pipe overhead circulation he has never found a radiator 
so large that 14-inch connection would not supply it. 

The following hints from an engineer of wide experience 
may be of aid: 

FEED Mains.—When the radiators are all on the same level, 
those branches within 10 to 15 ft. of boiler are taken off the 
side of the main. When, however, there are any second- or 
third-floor radiators, with branches within 10 or 15 ft. of boiler, 
these branches are taken off the side of the main, and all first- 
floor branches are taken off at 45 degree angle. 

RETURN Mains.—All return branches run into side of main 
regardless of their length. All returns within Io or 15 ft. of 
boiler run separately to bottom of boiler instead of joining 
main return, so as not unduly to heat the drop in the return 
main. 


Pitched fittings should be used instead of crooked threads at 
all connections between horizontal and vertical pipes. 

Another states that he has been using with perfect satisfaction 
special radiator tappings side by side at the bottom of one end of, 
each radiator. This results in economy of installation and a 
neater appearance of the work. 


E. F. Capron, Chairman. Committee 
S. R. Lewis. on 
Cuas. F. NEwport. Hot-water Heating. 


DISCUSSION. 


Prof. R. C. Carpenter: No one can appreciate more than I do 
the difficulty which is involved in preparing a report of practice 
on any branch in the heating art, and for that reason I trust 
that what I say will not be considered as a criticism. 

It will be noted that this report is, like several others which 
have been submitted to the Society, based on the results of vari- 
ous natural laws, and the calculations given in the report are 
made on the assumption that such laws are correct. Such being 
the case it strikes me that no set of figures or coefficients should 
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be stated unless they are universally accepted or unless the 
source and authority from which they were derived are given. 

On the first page of this report are given some coefficients 
for heat transmission which are different from any that I have 
heretofore seen, and no statement is made as to the experi- 
ments or authority from whom these coefficients were obtained. 
I have. spent considerable time in trying to get together all the 
reliable experiments giving heat transmissions from buildings 
and have tried to trace reliable data of that kind to a respon- 
sible authority. I have given these results in my book on Heat- 
ing and Ventilating. I also had a special paper on the subject 
before this Society. 

The results of this investigation indicate that all the reliable 
data which we have on this subject are founded on Peclét’s 
experiments. These have come to us through various channels 
and from both the English and the German. In some cases these 
results have been modified somewl.at but not, so far as I can 
ascertain, by any new experimental data. If our committee 
have been to the labor of making new experiments along this 
line, I think the Society certainly should have the chance to dis- 
cuss such experiments and to consider the relative accuracy as 
compared with Peclét’s results. 

On page 8 it is stated that 8,000 B. T. U. per pound of coal 
is a conservative estimate of the heat transmitted to the water 
in a well-designed boiler. I think the authority for that state- 
ment should also be given. On some tests which I have made 
of steam boilers, in which good anthracite coal was burned at 
a rate not exceeding 4 pounds per sq. foot. of grate per hour, 
this number is low and does not fairly represent the efficiency 
which can be expected. With good selected anthracite coal of 
domestic sizes, my tests indicate that about 10,000 B. T. U. are 
available. I would agree, however, with the statement in the 
report if soft coal is to be included as well as hard, but I think 
the report should specify the conditions more definitely. 

The statement respecting the amount of coal burned per sq. 
foot of grate per hour, given on page 5, agrees very closely 
with my experience as to the basis of rating, but I should like to 
see a fuller discussion because I find that many of the boiler 
makers are estimating that even small boilers with less than 8 
sq. ft. of grate are carrying considerably more radiation than 
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is possible from the combustion of 4 pounds of coal per square 
foot of grate per hour. 

As an illustration in the catalogue of a prominent boiler com- 
pany a boiler supplied with a grate 18 in. diameter is rated for 
575 sq. ft. of radiation. This is equivalent to 1.76 sq. ft. of 
grate. If it were to burn 1 pound of coal per sq. ft. per hour 
and utilize 10,000 B. T. U. per pound, 17,600 B. T. U. would be 
absorbed by the steam. Good efficient steam radiation will 
usually deliver, under working conditions, 250 B. T. U. per sq. 
ft. per hour. By computation it would appear that on this basis 
I pound of coal per sq. ft. of grate per hour would supply 70.4 
sq. ft. of total radiation. If 4 pounds are burned per sq. ft. per 
hour, which from my experience is a reasonable amount, 281.6 
sq. ft. of radiation would be supplied. 

My experience indicates that a good deal of the radiating sur- 
face is sold as having a greater area by 10 to 20 per cent. than 
it actually possesses, and this radiation is often constructed or 
arranged in such a manner as to be quite inefficient. It is prob- 
ably fairly safe to assume that with such radiation the heater 
would have 20 per cent. greater capacity than with more efficient 
and full-sized radiation. In this case the total radiation carried 
might approximate 340 sq. ft. From my basis of calculation the 
boiler referred to would have to burn over 8 pounds of coal per 
sq. ft. of grate per hour in order to carry the rating of the cata- 
logue. 

I sincerely hope that before this report is taken away from the 
committee they will give consideration to various matters to 
which I have referred, as it is at once obvious that the basis of 
all scientific design must rest on accurate coefficients which are 
based on accepted experiments by well known authorities and 
must not depend upon estimates or guesses made by practical 
men. 

The committee replied to Professor Carpenter’s remarks as 
follows : 

The authority for the coefficients in Table A in the report is 
the Cyclopedia of Engineering of the. American Correspondence 
School, vol. 2, page 426. See foot-note under the table. 

_ After considerable further investigation and the discussions 
at the last annual meeting we believe that it is hardly safe as a 
basis of calculation to consider a. pound of hard coal as giving 
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off more than 8,000 B. T. U. when burned in a small boiler, such 
as is considered in residence heating. 

Mr. Lewis: Our preliminary report shows a large number of 
direct radiation formulas. We were appointed to secure data 
of common practice and we have not attempted to make ex- 
tremely accurate computations or write a text-book. After a 
good deal of inquiry and from our own experience we believe, 
notwithstanding the tests which show the utilization of as much 
as 10,000 B. T. U. per lb. of coal, that we should not base our 
computations on over 8,000 B. T. U. per Ib. 

Mr. Macon: I have here the report of tests made under the 
jurisdiction of the U. S. Geological Survey, of the sectional 
boiler and the vertical boiler at the University of Illinois. On 
the sectional boiler they made altogether nineteen or twenty 
tests with Pocahontas coal averaging very nearly 15,000 B. T. 
U. per pound. They got an efficiency of 55 per cent. which is 
equal to 8,250 B. T. U. That was the best result they got in ef- 
ficiency. I think that, perhaps, the tests so far as I have been 
able to find out would hardly satisfy the heating engineers be- 
cause they operated the boilers the way they would conduct the 
test of a steam boiler: e.g., I notice there are intervals between 
firings of sometimes an hour and sometimes two hours, and, yet, 
I should think one would get a better efficiency this way than 
firing every eight hours. With Pocahontas coal they got 55 
per cent. and with coke 61 per cent. The coke only run 12,076 
B. T. U. per pound. With anthracite they got 59 per cent., aver- 
aging 12,680 B. T. U., which-is equal to 7,481 B. T. U. utilized 
per pound. It is singular that these tests of the Government 
vary so much from the figures Professor Carpenter states, 
10,000 B. T. U. 

Mr. Seward: These tests were made with a very large flue. 
On one of these tests the grate area is about 4 sq. ft. with 1 sq. 
ft. of chimney area. That was a round boiler. They ran those 
tests to determine the relative heating value of coal with par- 
ticular reference to Illinois soft coal. In addition to running 
these efficiency tests they also ran other tests to determine the 
efficiency of varying rates of combustion. They started as low 
as 1.5 pounds of coal per sq. ft. of grate per hour and ran up to 
8, or when they got the full rating of the boiler. The highest 
efficiency they could get according to those tests in the sectional 
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boiler was 58 per cent. and in the round boiler 51 per cent. 
The tests are very complete and, as published by the Geological 
Survey, make very good reading. 

President Mackay: This paper brings out the point of rating 
boilers, and we have decided to run that with the other topic, 
the report of the committee on heating boilers, Professor 
Kinealy, Chairman. He is not here, and I do not understand 
we have a report from that committee. We have a short paper 
by Professor Kent and one from Mr. Seward on that subject. 
I propose we have this one read by Mr. Macon (Professor 
Kent’s paper) and let Mr. Seward read his, and have the dis- 
cussion on the two papers together. 

Mr. Macon read Professor Kent’s paper, and Mr. Seward 
read his paper. 

The papers were discussed by Messrs. Hale, Kinealy, Seward, 
Nichols, Snow and Weinshank. 

President Mackay: It seems to be my lot to appoint the 
committee in charge of the review meeting. I do not like 
to do it because it seems my name is on it. The committee 
should read this way: Messrs. Snow, President-elect, Hoff- 
man, of Lafayette, Ind.; Harrison, of New York; Chew, of 
New York, and ex-President Mackay, of Chicago. 

The committee’s duties are to arrange details for a review, 
meeting. 

Mr. Chew: No; to submit a plan for conducting a review 
meeting before this meeting adjourns. My motion was the 
committee should consider the matter and make a report be- 
fore we adjourn, so the Society can see whether it suits them 
or not, and not that we wait a year or six months. 

President Mackay: We are about to adjourn and want to 
meet promptly at two o’clock. (Adjourned.) 


SEcoND Day—AFTERNOON SESSION. 


(Wednesday, January 20, 1909.) 


The convention was called to order at 2.30 p.m. by President 
Mackay: ; 

President Mackay: Before going on with the regular busi- 
ness I wish to announce that arrangements have been made 
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to visit the Singer Building. Mr. Barwick will see that you 
are provided for. 

Last evening we were under the head of committees’ re- 
ports and the question of rating boilers. We had three 
papers which were read and the discussion was not terminated. 
Professor Kinealy is here, Chairman of the Committee on 
Data on Surfaces in Heating Boilers, who has a report to sub- 
mit at such time as we are ready. 

I find on the desk a communication with reference to the 
fire at Collinwood School, near Cleveland, Ohio. It seems to 
draw to our attention the fact that the fire did not originate 


from the heating apparatus. 
Mr. Lewis moved the communication be read, which was 


seconded and agreed to. 

The following communications were read by Secretary 
Mackay : 

Extract from Report of H. T. Brockman, Assistant Fire 
Marshal of Ohio. 


File Case G, 969, State Fire Marshal’s Office. 


Fire occurred at 9.30 A.M., March 4th, ’o8. 

CLEVELAND, O., March 6, 1908. 
To J. P. Brennan, First Deputy, Columbus, O. 

Dear Sir: Mr. Feigenbaum and I went to Collinwood early yesterday 
morning with a view to determining, if possible, the cause of the calamity 
which occurred the day before. 

- x * » * * 

Mr. Hiter, the janitor, is positive that the fire started in the store room 
immediately beneath the stairs. This theory is not well supported, by rea- 
son of the fact that he claims to have had nothing in that room except a 
box of lime. The outer part of the box was burned but the inner part showed 
no traces of a fire. Chief Wallace, of the Cleveland fire department, and 
myself spent considerable time in a very close investigation of the burned 
building. The débris had been cleared and an inspection could be made at 
this time. Chief Wallace is of the opinion that the fire was due to imper- 
fect installation of the heating plant. The plant in question was a low 
pressure cast iron boiler, of a type ordinarily used in these buildings, 
but the main steam pipe had been run through the wall, resting in part upon 
some joists or beams. His theory is that the constant and steady heat had 
caused the beams to become superheated, and that they had been burning for 
some considerable time before the smoke was discovered by the little 
Neubert girl. The asbestos covering of the pipe is of a very inferior grade, 
and appeared to be very largely composed of a cheap plaster which would not 
be fire resisting. This theory is thoroughly concurred in by Mr. Lougee 
(building inspector, Cleveland), who pointed out several serious defects for 
basing their conclusions as they have done. The beams immediately over 
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the boiler are the only ones that show traces of complete combustion. The 
ends of the beams still running into the wall burned right close up to the 
brick work. In every other part of the building the beams when falling had 
torn out of the brick work, leaving vacant spaces and no portion of the 
woodwork behind. 
(Signed) H. T. BrockMan, 
Assistant Fire Marshal of Ohio. 


Cottinwoop, O., January 2, 1909. 
Mr. A. W. WILLIAMSON, 
President Midland Club, Cincinnati, O. 

Dear Sir: In answer to your inquiry in regard to the character of the 
heating apparatus used in Lake View School, Collinwood, O., where the 
fire occurred the fourth of March last, and where so many lives were lost, 
will state that: 

(1) The heating apparatus used in the building was what is known as 
direct radiation steam heat supplied by two cast iron boilers of low pressure. 

(2) There was no hot air furnace or other heating apparatus in the build- 
ing. 

I am making the above statement from positive knowledge, having been 
in the basement a great many times, both when the building contained only 
four rooms and was heated by one boiler, and after the additional four rooms 
were added and the second boiler installed to assist in their heating. 

There were no hot air flues in the building at any point, and in my opinion 
the fire was not in any way caused by the heating apparatus. 

I am now and have been for four years a member of the Board of Educa- 
tion of this village, and for the last four months have been its clerk. 

Yours truly, 
H. H. Gace. 

Mr. Lewis: I would like to say the building was in pretty 
good condition, and it is not a representative building of the 
type that is scattered around through the country. There 
are thousands of buildings in the United States that .are infi- 
nitely more dangerous from fire than that building ever was. 

Mr. McCann: In connection with this letter I would like to 
state that on low pressure heating plants it seems practically 
impossible for the steam pipes to start a fire in wood work. 
We have in some old school houses found steam mains run 
through snugly fitting holes bored through joists where they 


have been probably for thirty or forty years, under ordinary 


heating conditions, without even showing any charring of the 
wood. 


The report of the Committee to Collect Data on Surfaces 
in Heating Boilers’ was then taken up and discussed by 
Messrs. Kinealy, R. C. Carpenter, Seward, Secretary Mackay, 
Keesler and Nichols. 
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Mr. Vrooman moved the matter be referred to the Com- 
mittee on Standards, which was seconded and agreed to. 

President Mackay: We will take up Air Cooling by Re- 
frigeration, by W. W. Macon. 

Mr. Macon presented the paper and illustrated it with dia- 
grams on the blackboard. It was discussed by Messrs. Wein- 
shank, Lyle and Lefman. 

President Mackay: We will pass to the report of the Com- 
mittee to Collect Data on the Relative Corrosion of Wrought 
Iron and Steel Pipe, Mr. T. N. Thomson, Chairman. 

Mr. Thomson read the report and it was discussed by Messrs. 
Barwick and Paul. 

President Mackay: The next paper is, Notes on the design of 
furnace heating systems with an application to a ten-room resi- 
dence, by J. D. Hoffman. 

Mr. Snow read the paper, and it was discussed by Messrs. Car- 
penter, Chew and Seward. 

Mr. Snow then read a report of the committee on the review 
meeting, upon which the session adjourned. 


Tuirp Day—MornNING SESSION. 
(Thursday, January 21, 1909.) 


The meeting was called to order by President Mackay at 10.45, 
who announced that the first matter on the programme was a 
paper : “ Miniature steam traps and their application to steam cir- 
culation,” by James A. Donnelly. 

Mr. Oldacre presented the following motion, which was sec- 
onded by J. T. Bradley: 

In view of the nature of this paper, which every one is familiar 
with and of the articles of the Constitution bearing thereon, it is 
a type of paper that will not contribute prestige or benefit to the 
Society or its members, and I move it be referred back to the 
Board of Governors, with instructions that it not form any part 
of our Proceedings. 

Mr. Chew, as temporary Chairman of the special committee 
on legislation for New York State, presented the following re- 


port: 
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Your Special Committee on Legislation for New “York State has been 
unable to meet in a body, but several of its members have prepared the 
appended letter, and with the instruction of the Society will send it to the 
Governor, the Senate, and House of Assembly of New York State. 


Respectfully, 


Frank K. CuHEw, 
Temporary Chairman. 


Believing that compulsory ventilation of certain factory buildings as pro- 
vided for in section 86 of Article VI of the Laws Relating to Labor and 
Factories is essential to the health and sanitary welfare of the employees, the 
American Society of Heating and Ventilating Engineers, in annual meeting 
assembled, heartily indorses the provisions of the law. 


FRANK K. CHEW, 
R. C. CARPENTER, 
W. C. VROOMAN, 
W. M. MACKAY. 


‘Topic No. 3, Air-cooling by means of air-washers, was then 
taken up for discussion. Secretary Mackay read a written dis- 
cussion by Professor Carpenter, and it was further discussed by 
Messrs. Weinshank, Chew, Lewis, Badger and Secretary Mackay. 

Topic .No. 4, The relative carrying capacity of horizontal and 
vertical warm-air pipes, and Topic No. 5, The effect of shape on 
warm-air risers, were discussed by Messrs. Chew, Snow, Lewis, 
Vrooman, Schaefer and Austin. : 

Topic No. 6, The duty of the Society relative to informing the 
public of the lack of ventilation in halls and public gatherings, 
particularly in the thousands of store-rooms fitted up for moving- 
picture shows, was discussed by Messrs. Chew, Badger, Vroo- 
man, McCann and Macon. 

Topic No. 7, The necessity for having ventilation laws apply- 
ing to the installation of apparatus in old as well as in new build- 
ings, was discussed by Secretary Mackay and Messrs. Chew and 
Badger, Hall and Seward. 

On motion of Mr. Chew, seconded by Mr. Badger, the Presi- 
dent was requested to appoint a committee to frame and report a 
resolution covering Topics Nos. 6 and 7 and bringing them to 
the attention of the public. The President appointed as such com- 
mittee Messrs. Lewis, Badger and Monroe. 

Topic No. 8, State control for heating and ventilating engi- 
neers, was discussed by Secretary Mackay and Messrs. Badger, 
Kinealy, Donnelly, Vrooman, Seward and President Mackay. 
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On motion it was agreed to refer the subject to the legisla- 
tive committee. 

Secretary Mackay: I move that it is the sense of this meet- 
ing that the regular standing committées, Compulsory Legis- 
lation, Standards and Tests, be continued with such change of 
personnel as may be found desirable; and that the newly- 
elected President shall continue or appoint such special com- 
mittees or fill vacancies in same as he may consider necessary 
in the best interest of the Society, and that such special com- 
mittees as have completed their duties or are not considered 
necessary be discharged with the thanks of this Society. 

President Mackay: There are certain committees necessary 
for our work and those we term “ Standing Committees.” 
There are other committees we know as “ Special Commit- 
tees’ which have performed most excellent duties during the 
past. It is moved this action be taken upon this matter of 
committees. 

The motion, being seconded, was agreed to. 

President Mackay: I know of no committees but what 
should be discharged with thanks except those to whom spe- 
cial work has been assigned within the period of this session. 

Mr. Snow: Certain committees have asked to be discharged 
and others feel their labors have not been completed, and the 
President wishes to be advised by the chairmen of these vari- 
ous committees whether or not they wish to be discharged— 
whether or not they consider their duties completed. 

President Mackay: Agreeable to the terms of this motion 
I now wish to thank the special committees for the time and 
labor they have given im the discharge of their duties, and 
discharge them now. The work can be taken up by the new 
administration. 

The session here adjourned. 


Tuirp DAy—AFTERNOON SESSION. 
(Thursday, January 21, 1909.) 


The meeting was called to order by President Mackay at 
2.15 P.M. 
President Mackay: The first order of business is a paper, 
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entitled “ The effect of wind on heating and ventilating,” by 
H. W. Whitten. 

Mr. Whitten read the paper, and it was discussed by Messrs. 
Kinealy, Donnelly and Monroe. 

President Mackay: There was a committee appointed this 
morning and expected to report this afternoon. I would like 
to ask Mr. Lewis if he is ready to report. 

Mr. Lewis presented the following report: 


Resolved, That it is the duty of the American Society of Heat- 
ing and Ventilating Engincers to call the attention of the public 
to the necessity of adequate ventilation in all old as well as new 
buildings where persons congregate, such as schoolhouses, fac- 
tories, halls and theatres, and that a central publicity committee 
of three be appointed, represented and assisted by one member 
from each state, whose duty it shall be to make continued and 
persistent effort to educate the public mind and to disseminate 
literature and information to the press, to the law-making bodies, 
colleges or any other organizations or persons through whom it 
is possible that the aims of our Society toward proper ventilation 
may be advanced. 

S. R. Lewis, 
O. L. Bapcer, 
E. K. Munroe. : 


Mr. Snyder: I do not know of any movement undertaken 
by this Society which would have more far-reaching results 
or be of more importance than this. I believe a committee 
should be formed on publicity which might receive the title 
of Committee on Literature. The committee should be pro- 
vided with a form of the regular proceedings, and report to 
this body a synopsis of the laws of the various States and the 
rules and regulations so far as can be obtained from the vari- 
ous authoritative bodies, to which there might be added ob- 
servations of medical men and other authorities as to the ne- 
cessity of ventilation. It should be brief and pointed, so that 
when it is received by any one at all interested it will be placed 
in their files for reference. All resemblance to a circular 
should be avoided. 

President Mackay: The report will be handed to the See- 
retary and the committee discharged with thanks for their 
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labors. The new administration will be charged with the 
duty of proceeding along these lines. 

Mr. Snyder: I would move that the President appoint a Pub- 
licity Committee of one member from each state where we have 
membership, working through a central committee of three mem- 
bers, with full power to carry out the wishes of the Society as 
expressed in the report just received. 

President Mackay: My opinion is the motion is right, but 
we should not hamper the administration or tie their hands. 

Motion seconded. 

Mr. McCann: I understand there was a motion made this 
morning authorizing the incoming President to appoint such 
committees as he chose. 

President Mackay: That is right. This is a departure in 
that line, and a departure in a direction in which we have been, 
in my humble judgment, somewhat weak on. 

Secretary Mackay: In accepting the report of this com- 
mittee the Society obligates itself to support the committee. 

Mr. Snyder. Why not change that and simply make it con- 
ditional on the part of the incoming administration to make 
that suggestion should it see fit. 

President Mackay: Does the supporter sanction that? 

Mr. Lewis: I suppose I might make our thought a little 
more clear. Our idea was to publish something in reference 
to compulsory legislation, and that this would keep the matter 
stirred up in each State. There would be a man there who 
would be doing this. It would give us advertising as engi- 
neers that would further the end suggested in the discussion 
this morning as to State control of heating and ventilating en- 
gineers. It would be known all around that this Society of 
Heating and Ventilating Engineers was doing business right 
here all the time. These articles should appear in the trade 
press following on the necessity of ventilation. Possibly it 
would be wise to have* some of the compulsory legislation 
committee on this committee, the two to. work closely to- 
gether. 

President Mackay: That would be a matter for the incom- 
ing administration. You are in sympathy with Mr. Snyder’s 
motion ? 

Mr. Lewis: Certainly. 
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Mr. Badger: I endorse most heartily the action of the So- 
ciety this morning. We were instructed to draw resolutions 
along these lines. As a matter of fact the appointment of 
that committee rests with the incoming administration and 
the committee will now carry out the wishes of the Society 
as expressed in the resolution. I would like the Society to 
instruct the committee to carry out this work. 

Mr. Snyder’s motion was agreed to. 

President Mackay: The report is accepted and the com- 
mittee discharged with thanks. 

Topic No. 9, The value of tabulated experience recog- 
nized as science compared with individual opinion and expe- 
rience, was discussed by Messrs. Chew and Munroe. 

Topic No. 10, A table of sliding scale of indoor and out- 
door temperatures for gauging the capacity of heating plants 
to maintain a 70 degree temperature inside with the outside 
temperature at zero, this to be established by the Society so 
that it could be widely incorporated in heating specifications 
and add to the Society’s prestige, was discussed by Messrs. 
Chew, Garwick, Secretary Mackay, Kinealy, Badger, Bishop. 

Topic No. 11, The maximum permissible length for a 
steam main in a gravity apparatus operating under a pressure 
not to exceed two pounds on one and two-pipe systems, was 
discussed by Messrs. Barwick, Donnelly and Bishop. 

The installation of the newly elected officers then took 
place. 

Secretary Mackay read the list of the officers. 

Mr. Seward and Mr. Bishop were appointed to conduct the 
newly elected officers to the platform, and began their duties 
with President-elect Snow. 

President Mackay: (Addressing President-elect Snow.) 
It is my pleasure to announce that you have been elected 
President of the American Society of Heating and Ventilat- 
ing Engineers for the ensuing year, and it is with great pleas- 
ure I turn the office over to you. I congratulate the Society 
upon the most excellent material they have selected. (Ap- 
plause. ) 

President Snow: Mr. President and Gentlemen—I have 
received a number of words from members present this morn- 
ing assuring me of their hearty coéperation in carrying on the 
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work. I shall take great interest in it I assure you, and will 
give you the best of my services during my term of office, 
and I feel sure that with the codperation I shall receive from 
the association we shall have a successful year. I thank you 
for the honor you have conferred upon me. It will be a 
pleasure to serve you. (Applause.) 

President Snow: I want to announce that immediately after 
the termination of this meeting there will be a meeting of the 
Board of Governors for organization. 

Topic No. 12, The relative area of wet and dry return mains 
in a gravity steam heating apparatus, was then presented. It 
was discussed by Messrs. Monroe and Donnelly. 

Mr. Chew: Heretofore we haven't carried out the sugges- 
tion made four or five years ago relative to a question box. 
I now make a motion that the Secretary be instructed to 
take the different questions that have been sent in from time 
to time, on a special question sheet, have each question printed 
on a separate sheet, a set of the sheets to be sent to every mem- 
ber of the Society some time during the year, possibly when 
these special reports are sent out, and in that way the questions 
which have been raised can receive the attention of the entire 
membership, instead of being passed over with scant consid- 
eration in discussion here. The members can take them up 
at their leisure or when their mind is on something of that 
nature during the year, and return to the Society sixty days 
before the next annual meeting. In that way we would get 
valuable information. 

The next topic, No. 13, is a question, and it is changed 
from a question to make it a topic for discussion here, and 
when presented as a question as it first came to the Secre- 
tary’s office it will certainly bring forth more intelligent treat- 
ment than it probably will have if discussed as a topic. 

Mr. Barwick: I think if they were put in form when they are 
received or at certain stated times, say, every three months, 
and sent out to the members, we would get a great deal better 
results than we get at the present time on the floor. There 
is hardly time to discuss some of these things that come up. 
The same questions have been asked probably half a dozen 
times, and have been answered in one or two ways, but it 
does not make any difference how many times we ask a ques- 
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tion. We are bound to get some meat out of the subject. 
I feel it is a very good idea to send out these questions in ad- 
vance of. the meeting so that when we come to the meeting 
we are ready for some discussion on that subject. 

Mr. Bishop: In regard to the question box I would say there 
are two kinds of question boxes, one for the purpose of dis- 
cussion and one for the purpose of information. We have for 
a number of years maintained a question box, and up to three 
years ago the question box was sent to the members of the as- 
sociation a little prior to the annual meeting, and their answers 
were incorporated in printed form and distributed among the 
members at the meeting. We found that to be a disadvantage. 
If a man asked a question for information he did not want it 
to wait for eleven months possibly for an answer, or two 
months. It might be something that he wants to know within 
two weeks. So they have abandoned the question box, and as 
the questions are asked they are distributed to the membership, 
and then the person who asks the question is immediately in- 
formed on the subject. At the end of the year these questions 
and their answers are incorporated in the question box of the 
association. That is a great way of helping all the members of 
_the association. The purpose of this question box is for dis- 
cussion only, and I do not think we need it. If it is for a matter 
of information, we certainly do not want to wait until the end 
of the year to get an answer. 

Secretary Mackay: It would take possibly sixty days from 
the time the Secretary received the questions before they could 
be distributed among the members and get returns. An an- 
swer should not be expected within sixty days or longer. 

Mr. Chew’s motion was agreed to. 

Topic No. 13, The deposit of lime or other mineral from 
impregnated water in a heated pipe with relation to diameter 
or area or the relative deposit in a one and two-in. pipe in a 


given time, was presented, but there was no discussion. 

Topic No. 14, A standard schedule of blast area and lineal 
feet of one-inch pipe in air-heating stacks and coils based on 
the cubic feet of air passed through the heater per hour or 
minute, and the mean difference between inside and outside 
temperature at velocities from 1,000 to 1,800 feet per minute. 
was discussed by Mr. Barwick. 
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President Mackay: The committee of which I have been 
chairman have Nos. 14 and 15 covered in a general way in the 
questions sent out, so that that matter is really being taken 
care of. 

Topic No. 15, The factor to be taken into consideration 
and the proper method of rating fan heating coils in determin- 
ing the coefficient of heat transmission under different condi- 
tions of temperature, was not discussed. 

Topic No. 16, The standard rules of the Society for ef- 
ficiency and value of the heating surface of different types of 
direct, direct-indirect, indirect and forced blast radiation, was 
briefly discussed by Mr. Barwick. 

The meeting then adjourned. 
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CXCVI. 


THE TESTING AND RATING OF HOUSE-HEATING 
BOILERS. 


BY WILLIAM KENT. 


(Member of the Society.) 


TESTING CAST-IRON HOUSE-HEATING BoILeErs. 


The testing of the evaporating power and the economy of 
small-sized boilers is more difficult than the testing of large steam- 
boilers for the reason that the small quantity of coal burned in a 
day makes it impossible to procure a uniform condition of the coal 
on the grate throughout the test, and large errors are apt to be 
made in the calculation on account of the difference of condition 
at the beginning and end of a test. The following is suggested as 
a method of test which will avoid these errors. 

(a) Measure the grate-surface and weigh out an amount of 
coal equal to 30, 40, or 50 pounds per square foot of grate, ac- 
cording to the type A, B, or C, or the ratio of heating- to grate- 
surface. 

(b) Disconnect the steam-pipe, so that the steam may be 
wasted at atmospheric pressure. Fill the boiler with cold water 
to a marked level, and take the weight of this water and its tem- 
perature. 

(c) Start a brisk fire with plenty of wood, so as to cause the 
coal to ignite rapidly; feed the coal as needed, and gradually 
increase the thickness of the bed of coal as it burns brightly on 
top, getting the fire-pot full as the last of the coal is fired. Then 
burn away all the coal until it ceases to make steam, when the 
test may be considered as at an end. 

(d) Record the temperature of the gases of combustion in 
the flue every half-hour. 

(e) Periodically, as needed, feed cold water, which has been 
weighed, to bring the water level to the original mark. Record 
the time and the weight. 
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CALCULATIONS. 


Total water fed to the boiler, including original cold water, pounds x (212°—original 
cold-water temperature)= B.T. 
Water qpeneany evaporated, pounds x 970= 
Add correction for increased bulk of hot water: 
(62.3—59.8) 


62.3 ° 
Es i. ta diGd caeseeahadauenatsaanhsibphanciobdubastaatenaead petal ae vi 


Original water, pounds x 


Divide by 970 to obtain equivalent water evaporation from 
and at 212 degrees F. 

Divide by the number of pounds of coal plus pounds of wood 
by 0.4 to obtain equivalent water per pound of coal. 

The last result may be considerably less than 10 pounds on 
account of imperfect combustion at the beginning of the test, 
excessive air-supply, when the coal bed is thin in the latter half 
of the test, and loss by radiation, but the results will be fairly 
comparable with other results from boilers of the same size and 
run under the same conditions. The records of water fed and 
of temperature of gases should be plotted, with time as the base, 
for comparison with other tests. 


RATING HoUSE-HEATING CAST-IRON STEAM-BOILERS. 


The rating of a steam-boiler for house-heating may be based 


upon one or more of several data: 1, square feet of grate-sur- 
face; 2, square feet of heating-surface; 3, coal-burning capacity ; 
4, steam-making capacity; 5, square feet of steam-radiating-sur- 
face, including mains, that it will supply. In establishing such 
a rating the following considerations should be taken into 
account : 

1. One square foot of cast-iron radiator surface will give off 
about 250 B.T.U. per hour under ordinary conditions of tem- 
perature of steam at 212 degrees and temperature of room at 70 
degrees. ’ 

2. One pound of good anthracite or semi-bituminous coal 
under the best conditions of air-supply, in a boiler properly 
proportioned, will transmit about 10,000 B. T. U. to the boiler. 

3. In order to obtain thjs economical result from the coal the 
boilers should be driven at a rate not greatly exceeding 2 
pounds of water evaporated from and at 212 degrees per square 
foot of heating-surface per hour, corresponding to a heat trans- 
mission of 2 K 970 = 1,940, or, say, approximately 2,000 
B. T. U. per hour per square foot of heating-surface. 

4. A satisfactory boiler or furnace for house-heating should 
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not require coal to be fed oftener than once in 8 hours; this 
requires a rate of burning of only 3 to 5 pounds of coal per square 
foot of grate per hour. 

5. For commercial and constructive reasons, it is not con- 
venient to establish a fixed ratio of heating- to grate-surface for 
all sizes of boilers. The grate-surface is limited by the avail- 
able area in which it may be placed, but on a given grate more 
heating-surface may be piled in one form of boiler than in 
another, and in boilers of one general form one boiler may be 
built higher than another, obtaining thus a greater amount of 
heating-surface. 

6. The rate of burning coal and the ratio of heating- to grate- 
surface both being variable, the coal-burning rate and the ratio 
may be so related to each other as to establish condition 3, viz., 
a rate of evaporation of 2 pounds of water from and at 212 
degrees per square foot of heating-surface per hour. 

These general considerations lead to the following calculations : 


1 ~! of coal, 10,000 B.T.U. utilized in the boiler, will supply 10,000~-250=40 sq. ft. radiating- 
surface. 

1 Ib. = coal, 10,000 B.T.U. utilized in the boiler, will require 10,000--2,000=5 sq. ft. heating- 
surface. 

1 sq. ft. of boiler heating-surface will supply 2,000+-250 or 40+5=S sq. ft. radiating-surface. 





Low | Medi- ’ i 
boiler. | um. High boiler. 





1 sq. ft. of grate-surface should burn 4 5 Ib. coal per hour. 
1 sq. ft. of grate-surface should develop. . ae 40,000 |50,000 B.T.U. per hour. 
: — ft. of grate-surface will require 20 25 sq. ft. heating-surface. 
q. ft. of grate-surface will supply 130 160 200 sq. ft. radiating-surface. 
rte of boiler, depending on ratio heating- 
surface+grate surface A. B. c. 
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The table is based on the utilization in the boiler of 10,000 B.T.U. per pound of good coal. For 
poorer coal the same figures will hold good except the pounds coal th med per hour, which should 
be increased in the ratio of the B.T.U. of the good to that of the poor coal. Thus for’coal from 
which 8,000 B.T.U. can be utilized the coal burned per hour will be 25 per cent. greater. 
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For comparison with the above table the following figures are 
taken and calculated from the catalogue of a prominent maker of 
cast-iron boilers : 





m| = 








45 
90 


103 600 
195 1,500 
210 1,200 . 
420 3,300 ‘ 225 
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A STANDARD RATING FOR STEAM AND HOT 
WATER HEATING BOILERS. 


BY PERCIVAL H. SEWARD. 


(Member of the Society.) 


The records of this Society contain more reference to the 
question of ratings for heating boilers than to any other single 
problem, and a perusal of the same as well as the articles and 
discussion in trade papers indicates a general desire for some 
method which will make a standard rating possible and conve- 
nient for all parties interested. 

Three committees have been appointed by this Society whose 
duties embrace the subject of heating boiler ratings, but no 
conclusions have been reached because attention has been di- 
verted from uniform rating to uniform construction. _ 

It is clearly not within the scope of the Society to set a stand- 
ard for uniform construction and efforts along that line will 
always result in failure and discredit. 

A uniform construction would not be desirable, and no stand- 
ard can ever be adopted which even suggests construction with- 
out leading to freak boilers and complete paralysis of effort for 
future improvements. 

At the last annual meeting of this Society the committee ap- 
pointed to secure data on hot water heating submitted their re- 
port with the following statement in regard to boilers. 

“Many boilers for residence heating are not rated satisfac- 
torily in the catalogue. Among twelve familiar types the hot 
water rating for the same grate surface varies from 2,800 to 
3,875 square feet. The amount of heating surface is not gen- 
erally published, and information is difficult to obtain. It prob- 
ably varies 50 per cent. among these same twelve types.” 

The discussion which followed the reading of this report was 
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with reference to the value of heating surface, and the quantity 
of the same that should be used in a boiler instead of the method 
for obtaining uniform ratings, which are desired. 

A belief is becoming general that the rating of all heating 
boilers can never be made uniform by any calculations based on 
quantity and quality of their surfaces, because of the very nu- 
merous forms in which these surfaces can be cast and placed. 

The only consideration is efficiency, as determined by test of 
each individual boiler or design, and it is the opinion of many 
engineers that this Society should set a standard for such a test 
with a formula for determining the power or rated capacity of 
the boiler. 

While it is possible that experiments and tests, the results of 
which are at this time available, may give some data from which 
conclusions can be drawn as to the value of heating surfaces in 
certain types of cast iron boilers, investigations along purely 
commercial lines lead to the conclusion that the makers of such 
boilers determine the value of the heating surface by test of 
boiler as a whole, and make no attempt to determine the ratio 
of work done in the fire box or flues. 

There is a general desire for knowledge on this matter of 
distributing the work done, but the experiments necessary are ex- 
pensive and complicated, and so far as can be learned nothing 
has been attempted except in a very crude way with some makes 
of boilers, which readily admit a separation and division of parts 
to follow the two generally accepted types of heating surface— 
direct and flue. 

A study of many patterns of cast iron heating boilers indicates 
the almost impossible task of attempting to determine by any 
general and easily applied rule or formula the evaporative 
power of their various heating surfaces. 

There is a widespread and growing conviction among manu- 
facturers of these boilers to the effect that each individual con- 
struction must be tested to determine its heating power as ex- 
pressed by evaporation of water. 

The reason for this is evident when it is noted that with very 
few exceptions a cast iron heating boiler changes its proportions 
with every size, therefore, to test one size and measure the 
others will lead to some almost ludicrous conclusions as to ca- 


pacity. 
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The varying length of flue travel is one of the features that 
might be called to mind in explaining the difficulty referred to, 
especially when we take into consideration the theoretical value 
of surface as calculated by difference in temperature between 
the gases and the water. Furthermore calculations which can be 
made by temperatures somewhat easily obtained are subject to 
very great modification by the rapidity with which the gases 
travel, the angle at which they impinge and movement of water 
on the inside of the surface. 

These considerations vary with each type of boiler, and in 
many cases with each size of given type, and they are further- 
more complicated by changes in the facility for cleaning, which 
sometimes reach the extreme of making that operation almost 
impossible on certain sizes. 

Other varying factors, even though tests were commercially 
possible to determine the value of surface, would be the efficiency 
to be obtained from fuel, the rapidity which coal can or will be 
burned, and the length of time the fire should maintain the maxi- 
mum requirement without attention. 

The conclusion is that no data on the relative value of heat- 
ing surfaces in cast iron boilers exist or can very easily be ob- 
tained at a cost commensurate with the results desired, there- 
fore, the capacity of heating boilers should be determined by. 
tests made under certain well-defined standard conditions. 

The power of a cast iron boiler when used for the purpose of 
heating residences and other buildings is: usually expressed in 
square feet of cast iron radiators or radiation that it will supply. 

This method of expressing the power of such boilers has in all 
probability been acceptable to the steamfitting trade and to heat- 
ing engineers, because the load or work to be done was usually 
calculated or reduced to the same terms. 

Of late years there has been noticed a general agitation in 
favor of the heat unit for a conclusion as well as a basis in heat 
calculations. Such agitation has resulted in a general extension 
of knowledge and a very wide familiarity with the British 
thermal unit and the accuracy as well as convenience attending 
its use. 

A student of heat engineering as well as of ventilation is com- 
pelled to recognize and understand the heat unit at the very 
commencement of his studies and, therefore, drops it with re- 
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luctance on concluding his educational course and entering gen- 
eral practice. 

All text-books and even papers and essays on heating and 
ventilation now refer to and use the heat unit—not as something 
mystifying or carrying an air of confusion—but as a necessity 
to any reasonably brief and conclusive argument, illustration 
or formula. 

In consequence of all this the British thermal unit is so well 
understood and correspondingly desired that there appears to 
be no longer any adequate reason or even argument why it 
should not be adopted as the expression of power in boilers 
used exclusively for heating purposes. 

For immediate convenience it would be advisable to express 
the power in heat units and also in square feet of direct radia- 
tion, with note or explanation of the rule used in making the 
conversion from one to the other. This ratio of conversion will 
have to be arbitrarily set, because “ square feet of direct radia- 
tion” means nothing definite and is nothing definite. 

A review of the expressed opinions and observations of many 
members of this Society and other authorities will show that 
so far as this term means anything at all, it represents 250 B. 
T. U. when used for heating with steam up to three pounds 
gauge pressure, or 150 B. T. U. when used for heating with 
water at 165 degrees average temperature, the surrounding air 
being calculated at 70 degrees Fahr. It would seem that the 
power of heating boilers expressed in B. T. U. and followed 
by an equivalent in square feet of direct radiation at rate of 250 
for steam and 150 for water would cover all requirements, as 
well as objections for the present, and would ultimately lead to 
the use of heat units exclusively. 

It is very certain that the competent engineer or steamfitter 
with a boiler under consideration whose power is expressed in 
B. T. U. will be able to make all his calculations in terms to cor- 
respond, and in that way insure to a certain extent more ac- 
curate proportions and in consequence greater credit to himself 
and to the business at large. 

Concluding that the use of B. T. U. for expressing the 
power of heating boilers is desirable, we must know for what 
length of time the capacity is available, calculating, of course, 
for a full charge of coal in fire box of the boiler. 
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A boiler’s full power or potential is expressed correctly by 
the B. T. U. available on a run which consumes 80 per cent. 
of the entire charge of coal. This time may be one or twelve 
hours, or even more in extreme cases. The rating, however, is 
made on an hourly basis, and the engineer must know on what 
length of run it is calculated before he can use the boiler for a 
given set of conditions. 

The opinions as to the time for length of run are fairly uni- 
form and, as expressed before this Society or in publications of 
recognized merit, seem to be in favor of a minimum run of 
eight hours for those sizes of boilers used to heat ordinary 
dwelling houses, with an inclination to a shortening of the time 
as the size of boiler increases. . 

This reasoning appears logical when we consider a business ° 
day is of eight hours, and an ordinary house heater might expect 
attention at about the time such a day commences and ends. 
The night factor also fits in very nicely, because the majority of 
householders desire very little heat during hours of sleep, and 
as a matter of common observation generally check the fire. 
Should full heat be needed at night for sickness or other reason, 
the eight hour period just naturally divides the day into three 
equal parts and provides convenient intervals to give attention 
to the fire. : 

For boilers and heaters used in larger residences and in 
small schools or hotels an eight hour run is not so essential, and 
in all probability a period of seven hours would find no criticism 
among the users of such apparatus. 

The consideration of large boilers requires a six-hour run 
for economy of installation, ease of operation, convenience of 
attendant and general adaptation to the requirements of build- 
ings in which they would likely be installed. 

The defining of the size of boiler, which shall be operated in 
the three foregoing divisions of time is best determined by size 
of grate as follows: 


Small boilers, less than 6 square feet grate, 8 hours run. 
Medium boilers, 6 to 10 square feet grate, 7 hours run. 
Large boilers, over 10 square feet grate, 6 hours run. 


The engineer selecting a heating boiler for which a time 
factor has been provided would naturally consider his particu- 
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lar installation to decide if the boiler he was about to select 
would develop the power at which it was rated under the con- 
ditions to which he was limited. 

No conclusion can be reached under this line of reasoning 
without a knowledge of the conditions which govern the test of 
a boiler to determine its rating, and an intelligent comparison 
of such conditions with those for the installation under consid- 
eration. 

The unknown quantity in present published ratings of heating 
boilers is coal consumption, and this must be made standard be- 
fore the engineer can judge as to the likelihood of his condi- 
_ tions making the same consumption possible with similar results 
as expressed in the boiler’s B. T. U. capacity. A fairly wide dif- 
ference of opinion is expressed on this point of coal consump- 
tion, but such opinions are quite uniform as to advisability of 
distinction between heating boilers with the usual expectation of 
careless and sometimes most ignorant attendants, and those 
boilers made for and used in power work where more or less 
skilled firemen are employed. 

- Another feature, in fact, the feature, which runs hand in hand 
with inefficient help, is a limit of chimney power for house heat- 
ing boilers. 

It is undoubtedly true that a chimney of adequate draft must 
be provided for each installation; but it, nevertheless, remains 
obvious that such chimney requirements must be within reason 
and applicable to the design and construction of the class of 
buildings in which the boilers under consideration are usually 
installed. 

Leaving out of consideration the special case—be it good or 
bad—-which a competent engineer can always calculate for, the 
records of this Society and publications of recognized merit 
point clearly to a moderate rate of combustion as likely to meet 
general approval in heating practice, and provide greatest econ- 
omy under average conditions. 

Keeping in mind again the ability of an engineer to suit his 
calculations to special requirements, the following basis of coal 
consumption seems obvious : 


Small boilers, less than 6 sq. ft. grate, 5 lbs. coal per square 
foot grate per hour. 
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Medium boilers, 6 to 10 sq. ft. grate, 5° to 6 Ibs. coal per 
square foot grate per hour. 

Large boilers, over 10 sq. ft. grate, 6 to 7 Ibs coal per square 
foot grate per hour. 


This question is largely influenced by the handling of the coal 
as well as the ability of chimney to furnish draft. Considering 
the time factor as previously alluded to and the quantity of coal as 
just expressed in pounds per hour for each square foot of grate 
we arrive at a total consumption of about 40 pounds for each 
square foot of grate for one firing. This is the amount of coal 
to be actually consumed; therefore we must add to it sufficient 
for a bed on which to ignite the new charge, such surplus usually 
being estimated as one-fourth of the amount to be consumed, 
or in this case ten pounds, making a total charge of 50 pounds 
for each square foot of grate. This charge of 50 pounds has to 
be handled each eight, seven or six hours, as the case may be, 
and looks quite a substantial amount when we consider that it’ 
figures up to 250 pounds or one-eighth of a ton, as required for 
one charge on a boiler of five square feet grate area, such as 
would be suitable for the ordinary residence. 

Coming back again to the draft, the charge of 50 pounds for 
each square foot of grate provides a fuel bed, which will aver- 
age about 15 inches deep, 12 inches of which will be the new 

‘charge of fuel and 3 inches the old bed, which remains prac- 
tically constant. Through this mass of fuel the chimney must 
exert itself to maintain active combustion, and experience with 
many hundreds of heating plants indicates 15 inches in depth 
of fuel as a maximum, and makes it unsafe to expect average 
results if it is increased. 

Accepting the full charge as 50 pounds, of which 40 pounds 
is available for combustion, we find it regulates our coal burn- 
ing factor as follows: 


Small boilers, less than 6 sq. ft. grate, 5 Ibs. coal per sq. ft. 
' grate per hour. 

Medium boilers, 6 to 10 sq. ft. grate, 5.7 Ibs. coal per sq. ft. 
grate per hour. 

Large boilers, over 10 sq. ft. grate, 6.6 Ibs. coal per sq. ft. 
grate per hour. 
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With the time factor set and the rate of combustion decided 
upon the engineer now has to consider only -the factor of 
efficiency to enable him to determine his own rating for any 
given boiler under any specified conditions, according to the 
following formula: 


Small boilers, G x 5 x E = B. T. U. per hour for 8 hour run. 

Medium boilers, G x 6.6 x E = B. T. U. per hour for 7 hour 
run. ; 
Large boilers, G x 6.6 x E = B. T. U. per hour for 6 hour 
run. ; 


G is area of grate in square feet. 
E is efficiency in B. T. U. per pound of coal. 


For direct radiation divide B. T. U. by 250 for steam. 
For direct radiation divide B. T. U. by 150 for water. 


The factor E should be supplied by maker of the boiler; but 
if not available it can be determined by the engineer from any 
published rating, providing the area of grate is known and the 
coal consumption is accepted in accordance with the foregoing 
conclusions. 

The formula for determining value of E from any given rat- 
ing is as follows: 


BTU. 
2c ~ 


G is area of grate in square feet. 
C is coal in pounds per hour for each square foot grate. 
E is efficiency in B. T. U. per pound of coal. 


For convenience in illustrating the practical ability of this 
method of rating boilers the following schedule has been pre- 
pared to show the rating far heating boilers at varied efficiency, 
dividing them into three classes; small, medium and large, and 
covering the range of efficiency, which might be expected. 

Any rating for efficiency other than shown in the table can 
easily be figured by working back to the heat units available for 
each square inch of grate, and taking such percentage of it as 
the test of the boiler shows can be expected. 
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SCHEDULE OF HEATING BOILER RATINGS. 
Figured for One Square Inch of Grate Area. 


Rate or ComsustTion, Pounps or Coat SMALL MeEp1uM Larce TorarB.T.U. 
Per Square Foot Grate BorLers. Borers. Borers. FROM 
Per Hovr. 5 5.7 6.6 1 LB. CoaL. 


100% efficiency B. T. U 570 660 14400 


Ratings per sq. in. of grate——— 
40% efficiency B. T. U 200 228 264 5760 
40% a Steam, sq. ft. 0.80 0.91 1.06 a 
40% Water, sq. ft. 1.33 1.52 1.76 


225 257 297 6480 
0.90 1.03 1.19 os 
1.50 1.71 1.98 ie 


250 285 
Steam, sq. ft. 1.14 
Water, sq. ft. 1.90 


314 
1.26 
2.09 


342 
1.37 
2.28 


371 
1.48 
2.47 


399 
1.60 
2.66 


Small Boilers, less than 6 sq. ft. grate area. 
Medium Boilers, 6 to 10 sq. ft. grate area. 
Large Boilers, over 10 sq. ft. grate area, F ; 
Coal charge 50 pounds per sq. ft. of grate, of which 80% or 40 pounds is to be consumed in 8 
hours for small, 7 hours for medium, and 6 hours for large boilers. The theoretical value of coal 
is placed at 14400 B. T. U. per pound, for conveni in calculations, on basis of 100 B. T. U. per 
square inch of grate for each pound of coal. 2 
The percentage of efficiency should be adjusted for actual value of the coal used in the test, 
po the rating remains constant for the B. T. U. available per pound of coal as stated in the last 
column. 
Steam radiation is figured 250 B. T. U. per hour. Z 
Water radiation is figured 150 B. T. U. per hour. F 
The rating is for one hour, but is available for each hour of the entire run on one charge of coal 
as indicated. 7 
The rating is available at the boiler outlet, the load to be calculated from that point. 





The manufacturer who uses this standard rating should state 
and guarantee the efficiency under which he makes his calcula- 
tions, such efficiency being reduced to, the basis of 14,400 B. 
T. U. per pound of coal, the rate of combustion not to exceed 
the rate specified. 

The engineer installing the boiler must suit it to the condi- 
tions at hand, no guarantee excepting for tested efficiency being 
required of the maker. The test should be standard and uni- 
form in all cases, and subject to the approval of a special com- 
mittee of three engineers appointed by this Society expressly for 
that purpose, who would on request of a boiler manufacturer 
witness such test as he might desire to make and certify to its 
correctness, and also to the correctness of the calculated effi- 
ciency for other sizes of the same proportions. 
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The maker of a boiler should not expect this committee to be 
present at the preliminary tests, but only at the final tests when 
the efficiency of the boiler has been decided upon, and a certi- 
ficate was desired to the effect that the boiler actually developed 
such efficiency by standard test in the presence of the majority 
of the members of the committee. 

The expenses of the committee should be paid by the maker 
of the boiler, allowing only for transportation and hotel charges. 

With a standard rating guaranteed under a uniform test the 
manufacturer will be free to develop a boiler of the highest ef- 
ficiency, and the engineer who designs the installation will be 
solely responsible for correctly applying the boiler to the local 
conditions which are available. 

President Mackay: We have with us Mr. Nichols, of the 


Master Steamfitters Association, who is Chairman of their - 


Standardization Committee. 

Mr. Nichols: Mr. President and gentlemen of the Society: I 
am here as one of the committee representing the Master Hot 
Water and Steamfitters on the subject of standard sizes of hot 
water heating boilers. At our last annual convention, when the 
matter was brought up, I made the remark that there was only 
one way to rate a boiler, and that was to test it. I do not know 
any other way of figuring it out other than by actual test. I 
am free to say that I cannot add anything to what Mr. Seward 
has said here to-night. I represent a body of men on whom the 
burden naturally falls if there is anything wrong, and I fully 
agree with him that a standard of efficiency is what must be de- 
termined in each boiler. I have in mind the idea that we should 
test every boiler that is catalogued, or there should be some test 
made and certified to by a body, I do not know whether the 
manufacturers or the National Association of Steam and Hot 
Water Fitters. The Association will be glad to codperate with 
this Society and make suggestions under which a boiler should 
be tested or in any other way they can to aid the matter. We 
are certain that the ratings which are given to us by the differ- 
ent manufacturers are confusing, and we know to our sorrow 
they are sometimes wrong. We realize, however, that the 
amount of work that a boiler can do is determined somewhat 
by the efficiency. Those are the conditions with which the 
boiler maker has nothing to do whatever, the consumption of 
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fuel and efficiency of that fuel. The heating of water either into 
steam or hot water are the only factors that we need consider 
at all. Outside of that, of course, is the matter of the amount 
of work it will perform under certain conditions. That is out- 
side of the efficiency of the boiler entirely, and it is a matter that 
must be determined largely by experience, and our committee 
came here to-day to listen to what you people have to say. We 
stand ready to cooperate with you. 

Mr. Snow: There is one point in regard to this table on 
which I am not at all clear, and that is the basis on which this 
table rests, in which it states that the total B. T. U. for one 
pound of coal is 100 per cent. efficiency or 14,400. I wish to 
inquire whether that is coal or combustible. 

Mr. Nichols: That would probably be combustible. The 
point is that if the efficiency is figured out on one basis, and that 
basis is recognized it does not make much difference what the 
basis is. It is generally understood that the value of coal is 
around 14,400 per pound of combustible. Take 90 or 100 men 
out of this room and ask them what they value it, and they will 
state 14,400 B. T. U. per pound. It has been published in text- 
books so long, and it has become so generally recognized by 
using the term coal instead of combustible that most people ac- 
cept it that way. : 

Mr. Seward: If 14,400 B. T. U. per pound of coal is accepted 
as the basis and the boiler is rated at 70 per cent. efficiency by 
the manufacturer, and advertised as such, it makes a very simple 
calculation to determine the capacity. So long as we are going 
to set an arbitrary theoretical value for coal we might as well 
make it too B. T. U. per square inch of grate for each pound of 
coal burned per square foot, and save a great deal of trouble in 
making calculations. The test committee that might be ap- 
pointed by this Society to supervise tests would naturally go 
into the analysis of the coal used and percentage of efficiency 
that the manufacturer claimed for his boiler with such coal and 
then adjust the efficiency on the basis of a theoretical value of 
14,400 B. T. U. per pound. This arrangement does not hurt 
any manufacturer, because so long as the basis is the same for 
every test it is as fair to one as to another. That is my only 
explanation for using the arbitrary figures of 14,400 as the 
theoretical B. T. U. per pound of anthracite coal. 
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Mr. Snow: That answers my question. It means that you 
must have one pound of combustible to get 14,400 heat units. 

Mr. Seward: That is very true. It means that if the manu- 
facturer has made a boiler that develops 9,000 heat units per 
pound of ordinary anthracite coal, this test committee will cer- 
tify to that as equivalent to a little less than 62 per cent. on the 
14,400 basis, and so long as everybody uses the same basis it 
does not make any difference what the real value of the coal is. 
I would like to call attention to the fact that this discussion of 
ratings has extended clear across the ocean, and is being taken 
up before the British Society of Heating and Ventilating En- 
gineers. On June 22, 1908, Walter Jones, who, I believe, is 
also a member of our Society, read a paper before the British 
Institute of Heating and Ventilating Engineers on this subject 
of uniform boiler ratings, with a long preamble and discussion 
of boiler construction, after which he gave a lot of facts and 
figures as to how to construct the theoretical boiler. At the end 
of his paper, however, he states, “ another and probably better 
suggestion is to abandon the method of rating by boiler surface 
altogether, and instead ascertain the heating power in heat units 
by carefully testing how many pounds of water could be evapo- 
rated into steam per hour with a specified consumption of coal.” 

Now, I am pretty sure if we here do not set a standard method 
for computing boiler ratings we will either get a German stand- 
ard or a British standard.. The boilers that are sold in the Ger- 
man market are freak boilers. There are some of them made 
here but rarely sold. We do not want the German method or 
an English method. Let us go ahead and set the standard to 
suit our own conditions. We have been discussing it long 
enough. There are sufficient people in the business and enough 
money in the business to warrant attention; therefore, I think 
if this Society is going to do anything of credit and with pres- 
tige to itself it ought to settle this question by deciding what is 
the coal consumption to bé expected under normal conditions 
in heating boilers. 

Mr. Macon: Isn’t there likely to be considerable opposition to 
such a scheme‘as outlined on the part of the manufacturers ? 

Mr. Seward: I cannot answer for the manufacturers. I-am 
simply giving you my ideas as a member of this Society, not as 
a boiler manufacturer. What the manufacturer would do I can- 
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not say. The general assumption is that ‘when you put any 
common sense proposition before a man he will ultimately see 
it. This proposed standard rating is a common sense proposi- 
tion. If it is not we had better let it alone. 

Mr. Nichols: I believe the majority of purchasers of boilers 
will patronize a man who is willing to have the efficiency of his 
boiler certified to by a disinterested party. In other words, I 
would be more willing to take the certificate of a disinterested 
party than I would of the man who was interested himself in 
that boiler, and for that reason I am inclined to think that each 
manufacturer would undoubtedly put forth his best efforts in 
this direction. I am certain if we put the proposition up to them 
there is not a boiler manufacturer who would not be glad to 
have the boiler certified to. 

Mr. Seward: There is not a boiler made in this country but 
will carry its rating under certain conditions. I think when you 
question the present ratings of boilers you should qualify it by 
stating that such ratings are undoubtedly right for some condi- 
tions. What the manufacturer needs is to know the normal 
conditions of operation. 


Mr. Weinshank: I am glad this discussion has come up this 


evening, for the reason that one of the tests submitted in our re- 
port covered nearly every point raised this evening, and if we 
are successful before the next meeting we will have tests made 
at six or seven universities, and they will be given instructions 
to fill in the data that we have submitted this evening, and I 
hope we will get together by the next meeting and trust that if 
we do we will have pretty complete data on how to rate boilers. 

Mr. Seward: I want to call Mr. Weinshank’s attention to the 
fact that there are certain practical questions to be solved in con- 
nection with this proposed factor of the coal consumption that 
can be expected in domestic plants. There is no need of the 
steamfitter bothering his head about tests, as they interest the 
boiler maker only, showing him how he can get the most heat- 
ing value in a cast iron boiler. They are valuable in that 
respect, but they do not throw any light on the question of 
average coal consumption that can be expected from domestic 
heating plants. 

Professor Kinealy: The committee appointed by your Society 
to take up the question of rating cast iron boilers looked into the 
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subject and found some catalogues giving information as to how 
boilers are really rated. We thought we ought not to touch 
in Our report nor in our recommendation upon anything that in 
any way hampered the manufacturers in designing and manu- 
facturing their boilers. We thought that free range should be 
given to every designer and manufacturer in order that he 
might do his best, irrespective of what others were doing, and 
make a boiler that would be of benefit to the public. We, there- 
fore, omitted from our work on standards the consideration of 
heating surfaces, because we found that there were so many dif- 
ferent kinds of heating surfaces it would be impossible for us 
to enumerate them all and compare one with the other fairly. 
We knew of the direct fire surface, of the flue surface, of the 
horizontal flue surface, but how one compared with the other 
we had no method of knowing. We concluded that the rating 
of cast iron boilers could be made on something that all boilers 
must have, and after considerable discussion we concluded the 
only thing they had in common and more nearly alike was the 
grate, and so we concluded the area of the grate surface was 
the thing to base our standard upon. Of course that gave rise 
to the question how to measure the area of the grate surface. 
Should we measure directly at the level of the grate or at the 
top of the fire pot, and if at the level of the grate should we take 
into account any irregularities in the grate bars themselves. 
We concluded the area of the grate should be the horizontal 
area directly above the grate surface, omitting entirely the 
irregularities in the grate due to the type of grate bar. Taking 
that as a basis we saw our way clear to something else. The 
next thing was, how much heat should we expect from a boiler 
having a certain grate surface. For the purpose of making our 
ratings similar we assumed one pound of steam was equivalent 
to 1,000 B. T. U., and we thought that the combustion we could 
.get from a small boiler would not be nearly as efficient as for 
a large one; because the smail boiler, that is, one having a small 
grate surface, burned coal at a slower rate than the large one. 
Next came up the question as to how big the fire pot ought 
to be, that is to say, how long a time should elapse between 
charging or firing of the furnace. -We thought in the small 
furnace it should be greater than the large boiler, for the reason 
the small boilers would probably be taken care of by women, 
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whereas the large boilers would be taken care of by men; the 
very large ones, of course, being fired by some one whose . 
duty would be to look after the boiler entirely. So with the 
gtate surface we made a second column of standardization 
which we called the weight of the coal in the fire pot. That 
means the weight of the coal, without any fire, on the grate up 
level with the bottom of the fire doors. 

Then came the question of testing whether it was or was not 
a standard boiler. You can all understand, if we should build 
a fresh fire in a boiler and run the boiler only for an hour or 
two, then test it, we might get one result; whereas if we run 
it for a long time we might get another. We thought that the 
fire should be built in the boiler and the boiler charged, and then 
the boiler run without any fresh charging for the time we have 
specified. 

Summing up, the committee based its rating on the area of 
grate surface and the conditions of the draft with the boiler 
installed such that the boiler will burn the amount of coal per 
hour given in column marked “coal per hour.” It is up to the 
user of the boiler to get his draft so the boiler will burn that 
amount of coal, then you have a standard boiler under standard 
conditions. Under these conditions, after a boiler has been 
charged, it must be run without any further charging of coal, 
without any further coal being put on—this length of time, and 
then the test of one hour must be run. And, during that hour 
the boiler must make this much steam. (Indicated on the 
blackboard.) That would be a standard boiler under standard 
conditions, and that standard boiler will carry the radiation 
given in the radiation column. 

Professor Carpenter: It seems to me the report is practically 
along the right lines. Starting at the lower limit of coal con- 
sumption it agrees with my experience. I have found out from 
practical tests with the coal we get in the East that the small heat- 
ing boilers used under ordinary conditions burn about four 
pounds of coal per square foot of grate per hour. I do not 
know what size of grate permits you to increase this amount, 
but it is quite obvious that as the grate increases in size more 
coal can be burned per square foot of grate per hour for the same 
draft conditions. I know in an upright boiler in the University 
we may burn possibly five pounds in some cases. I am speaking, 
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of course, of anthracite coal, so that I believe if the heater is to 
be satisfactory for a residence, and if it is not designed to 
burn the anthracite coal of the East, it has got to be designed 
on the basis that it will burn about four pounds of coal per 
square foot of grate per hour. 

Regarding the heat value of coal, the heat value of anthracite 
coal varies a good deal, depending on how much ash it carries. 
About 12,500 B. T. U. per pound is about as high as anthracite 
coal of eastern Pennsylvania will run commercially. 

There is a great difference in the relation of heating to grate 
surface in a power boiler and a heating boiler. The heating 
boilers are made, as a rule, as far as I can find from measure- 
ments about eight or ten square feet of heating surface to one 
of grate. The power boilers for anthracite coal have to have 
about 40 for soft coal and 60 for hard coal in order to give 
satisfactory results. If we were to burn a large amount of coal 
per square foot of grate with a heating boiler with that small 
amount of heating surface we would get very low efficiency. I 
feel very strongly that the heating boiler ought to be rated to 
burn a small amount of coal per square foot of grate per hour. 

Professor Kent from his investigations has come to the same 
conclusion—that the heating boiler should burn about four 
pounds of coal per square foot of grate per hour. I should 
Say put it somewhere about five. : 

I feel that it is rather important that the Society should 
definitely adopt a standard for the grate surface of small heat- 
ing boilers. I would recommend five pounds per square foot per 
hour. I find that different boiler makers use different methods. 
For instance, a catalogue of a prominent firm gives the ratio of 
grate surface to radiation such as to require over eight pounds 
of coal per square foot of grate per hour. No wonder that the 
men who sell that boiler always put in one that is two sizes larger 
than the catalogue recommends. I cannot see what benefit there 
is for any manufacturer to put out any impossible rating. It cer- 
tainly confuses the engineer and I don’t believe it does anybody 
any good. I think it would be a benefit to adopt some sensible 
standard that these boilers will be rated on. ; 

Mr. Barwick: Perhaps Professor Kinealy can give us some 
light as to whether he has made any tests in reference to the 
draft power, as I think it would be well to net the standard 
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of that power. Even our standard for burning a certain 
amount of coal may be placed on record. 

Professor Kinealy: We could not get any information. 
That is one of the things the committee was up against. It 
is easy enough to say how much coal ought to be burned if 
you specify the draft. Nobody seemed to know anything 
about the draft for house boilers. 

Mr. Seward: It seems to me that these discussions are for 
the purpose of standardization of a method for rating existing 
commercial boilers, and not for standardizing the construc- 
tion of a theoretical boiler. 

There are only two factors that you can take into consid- 
eration in connection with the rating of a boiler. One is the 
coal which it burns and the other is its efficiency. The coal 
consumption could be based on a certain number of pounds 
per square foot of grate per hour for a given length of time on. 
one charge, as may be determined upon. The matter of effi- 
ciency is something that the manufacturer is solely responsi- 
ble for, and, therefore, he should be allowed to make his 
boiler in any way that his commercial judgment dictates. 
Furthermore, I believe that we should take into consideration 
the fact that boilers are made to-day in all manner of shapes 
and sizes, and with all kinds of heating surfaces, and what is 
needed is a method of rating that will apply to those boilers 
as well as to the boilers of the future, which will be made as 


high as possible in efficiency, figured by the standard we adopt. 


I think the proper party to determine the question of coal con- 
sumption is this Society. It is composed of engineers and 
contractors, who have actual experience in such matters, and 
it ought to be within their power and discretion to determine 
what would be a normal expectation in regard to coal con- 
sumption in heating boilers of given grate area. If they will 
state that to the manufacturer he can then rate his present 
boiler by determining its efficiency, or he can build another 
boiler to develop a higher efficiency under the conditions 
which this Society lays down as to the coal consumption and 
time to run on one firing. 

Every time this question comes up there is a general criti- 
cism of existent ratings. I think it is unfair. We have been 
criticising the manufacturers’ ratings ever since this Society 
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was organized, yet we have never laid down any standard on 
which they should be based. Every manufacturer to-day 
rates his boiler on a standard, which is acceptable to himself, 
and which in his best judgment he believes to be right. If 
he is wrong it is for this Society or some other authority to 
show him. I do not believe it is fair to come here and criti- 
cize existing ratings, and not suggest a standard condition on 
which they could be based. I should like to see this matter 
disposed of, and I think a great many others would. It 
seems to me that if this Society can determine the normal 
rate of coal consumption in certain and definite sizes of boilers 
going by the area of the grate, and then say to the manufac- 
turer, test your boiler on this basis to determine its efficiency, 
you will have solved the problem. We want to leave out of 
consideration altogether the theoretical question of what is 
the best method of construction. 

Secretary Mackay: There is a feeling on the part of some 
manufacturers, steam fitters and others, that the present rat- 
ing of house heating boilers is not constant, but varies in the 
same construction, same grate area, same application of sur- 
faces, fire and flue. I understand the manufacturers of heat- 
ing boilers have appointed a committee on rating, indicating 
they are not satisfied with their rating. Power boiler manu- 
facturers have appointed a committee on rating of power 
boilers, and they have requested that we as a Society, or our 
committee on boiler rating, act with them. I do not think 
there is any thought or desire on the part of this Society to 
stir up the manufacturers or others, and tell them that they 
are wrong and that we are right, and that we know it all. 
They are coming to us and asking us to give our definition of 
what a proper rating for house heating boilers should be. 
I don’t like it to go out that we are a disturbing element. 

The Master Steam Fitters Association have a committee 
on standardization, and they were requested at their last 
meeting in Boston to take up that particular question, their 
committee has spent a good deal of time on it and have at- 
tempted to get in touch with us on the subject and they are 
here to-day. Instead of the Society stirring up trouble with 
the steam fitters or with the boiler manufacturers, if we can 
help to solve the problem we will cover ourselves with glory. 
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Mr. Seward: I have not seen any suggestion on the part 
of the manufacturers to this Society in regard to solving this 
problem. As a matter of fact I know the manufacturers have 
discussed it, and decided not to move in the matter at this 
time. I, however, think the time is ripe for this Society to 
say what are the standard operating conditions. The manu- 
facturer is satisfied with what he has done, but the steam- 
fitter is unable to discriminate between one boiler and an- 
other, notwithstanding that they are all sold at varying prices 
based upon their efficiency, so far as it has been determined. 
If this Society is not satisfied with the present state of affairs 
I think it should standardize the normal conditions, say what 
they are, and then let the manufacturer rate his boiler if he 
chooses, accordingly, not dictate to him, but tell him this is 
the standard method, and if you choose to rate your boiler 
under that standard it will be so recognized. Investigation 
of the proceedings of this Society shows there is more dis- 
cussion on this subject than on any other single thing that 
has come before it. It started with the first meeting, and 
has continued ever since. The manufacturers six or seven 
years ago came together and adopted a method for rating 
heating boilers satisfactory to themselves. That method was 
read in the shape of a paper before this Society, and after- 
wards discussed, but generally ridiculed as being inadequate, 
and not definite enough, notwithstanding it answered the pur- 
pose at that time. This method has been eventually broken 
away from because the manufacturer has seen where he could 
improve the efficiency of his boiler and is entitled to a higher 
rating. It seems to me it is a very simple proposition. 
There is nothing to it other than somebody is entitled to 
determine the normal expectation as to coal consumption in 
domestic heating plants. When you specify coal consumption, 
and the manufacturer states his efficiency, you bring those two 
factors together, and you have the rating of the boiler. A 
standard rating is something that every engineer, every archi- 
tect, and every steamfitter can understand, and whether the 
manufacturer adopts it or not, it can be used to level all boilers 
down to a common basis. I think this method would be fair 
to everybody, and this Society is the proper party to deter- 
mine what the rate of coal consumption should be. 








116 A STANDARD RATING FOR STEAM AND HOT WATER HEATING BOILERS. 


Mr. Vrooman offered the following: 


Resolved, That it is the sense of this Society that in the absence of any 
standard for rating steam and hot water heating boilers, one should be es- 
tablished based on coal consumed per square foot of grate surface and 
efficiency. 


Professor Carpenter: I would say respecting the manufac- 
turers, I think they are anxious to have some standard adopted. 
I saw letters from two or three manufacturers, all of them 
referring to this question. One of the manufacturers evi- 
dently considered that his ratings were more than some of 
his competitors’, and I think he felt if the other man did not 
raise his ratings he would probably lower his. At least I read 
that between the lines. I feel very certain if they would all 
adopt a standard of this kind you would not get into trouble, 
because they would be interested only in getting good results. 
Have the makers express their ratings so that we will under- 
stand what they mean. 

President Mackay: This is of interest to the manufacturers 
of power boilers. The steamfitters have gone into it even 
farther. Mr. Kinealy has gone over it, and other members 
have gone over it, and it is proposed that we do something. 

Mr. Nichols: I want to make an offer on behalf of the com- 
mittee representing the National Association of Steam and 
Hot Water Fitters. It seems there is quite a difference as to 
the amount of fuel consumption that is expected from differ- 
ent boilers. We have discussed the matter at some length 
and desire to make this offer to the association. If you de- 
sire us to cooperate with you we will immediately start a 
series of tests, probably involving the tests of a hundred house 
heating boilers of various sizes in various parts of the coun- 
try to determine the fuel consumption under ordinary con- 
ditions. We do not expect they will be scientifically correct, 
but they will be valuable information in future consideration 
of the exact amount of fuel consumption required in our 


tests. 
Professor Kinealy: I assume, of course, that this motion 
will not tie the committee to any particular method of rating. 
President Mackay: No; it does not. It suggests the neces- 
sity of having a standard for the amount of fuel a grate of 
given area will burn. 
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Mr. Nichols: For the information of the Committee on 
Standards, the committee of the Steam Fitters Association has 
been working now for nearly two years with another branch 
of the business without accomplishing very much. We have 
another factor to contend with. We have done our part, or 
at least all we can. We know how difficult it is to get others 
to come to you. 

We are here simply to help you people all we can. It 
does seem the sooner we start the better it will be. Your 
committee as I understand it has spent considerable time al- 
ready, and it certainly ought not take very long to get that 
information, and get your ideas in such shape that your com- 
mittee could offer it either in its original or some modified 
form so as to secure accuracy. 
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CXCVIII. 


AIR COOLING BY REFRIGERATION. 


BY W. W. MACON. 


(Member of the Society.) 


To obtain the number of tons of refrigerating capacity 
needed in a refrigerating plant to cool an air supply from any 
given initial temperature and relative humidity to any desired 
temperature and felative humidity is the question which this 
paper plans to discuss, and the charts accompanying it are offered 
as a quick means for getting the result. Air cooling is seldom 
merely a case of air warming reversed. In air warming the 
vapor present is heated along with the air, but it has so little 
weight in comparison with the air that it is neglected in heat- 
ing calculations. In air cooling, however, portions of the vapor 
must be extracted step by step, and this process requires the ab- 
sorption of the heat of vaporization necessary to reduce the 
vapor to water. The heat of vaporization is relatively so large 
that the total heat involved in cooling air may be two or three 
times as much as that involved in warming the same amount of 
air through an equal range of temperature. In air cooling, 
therefore, humidity is an important consideration. _ 

Heating 43.35 lb. of saturated air at ordinary atmospheric 
pressure from 82 to 83 degrees Fahrenheit means heating 42.35 
Ib. of dry air and 1 Ib. of water in the form of vapor. Taking 
the specific heat of air at 0.238, and assuming that the specific 
heat of the vapor is the same as for water or unity, the addition 
of heat involved is 0.238 & 42.35 + 1 = 11.08 B. T. U. Cool- 
ing the same weight of saturated air from 82 to 81 degrees 
means a subtraction of heat of approximately 0.238 * 42.35 
+ 0.026 X 1050 = 10.08 + 27.3 = 37.38 B. T. U., 0.026 being 
the weight, in a fraction of a pound, of the vapor condensed in 
the 1 degree drop, and 1050 being approximately the latent heat 
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of vaporization, or the heat corresponding to that effecting the 
change of state from liquid to gas or vice versa. It will be 
noted that over twice as much heat has to be extracted for 
liquefying the vapor as for cooling the air itself, and this ex- 
plains the important difference between air cooling and air 
heating, and why it is so much more expensive to cool air than 
to warm it. Cooling air without bringing about the saturated 
condition is, of course, no different than air warming, but an 
air-cooling problem would always carry the conditions beyond 
this limitation. 


THE HEAT EXCHANGES IN THE ROOM COOLED. 


To maintain a room, as in summer, at a temperature below 
that outdoors means that a flow of heat will occur from the 
outside to the inside. The supply of heat will be augmented 
by the people present and by the lights burned. To keep down 
the temperature is the work of the air supply, which must be in 
sufficient quantity and sufficiently below the desired room tem- 
perature to absorb the heat supply without exceeding the room 
temperature before escaping. The refrigerating plant must 
then be chosen of a size equal to cooling the calculated volume 
of air from the outside temperature to a temperature low 
enough to take into account the warming up that the air may 
get before reaching the room. Some of the limiting consider- 
ations are that the volume of air must not be so great as to 
cause draftiness, nor must the individual be directly exposed 
to air currents at low temperature. The lower limit of air 
temperatures will naturally be dependent in part on the tem- 
peratures of the ammonia or brine-cooling coils, and on the depth 
of the coils in the direction of air flow and on the air spaces be- 
tween and the velocity of flow through the coils. 

Assume that a room is to be at 75 degrees when it is 90 de- 
grees Outdoors. The transmission of heat through the exposed 
walls for the 15 degrees range will be about 4§ or ,4 of what 
the transmission is at 70 degrees range, and it might figure that 
the average flow of heat through the walls is 8 B. T. U. per hour 
per square foot of the average exposed wall surface. If there 
is a large area of glass surface including skylights, through 
which the sun’s rays can penetrate, account must also be taken 
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of this source of heat, regarding it, for example, as equivalent 
to adding 2 to 5 degrees to the outside temperature. That the 
animal heat from the individual is something of importance 
can be apprehended from the fact that the average individual 
will give off probably 400 heat units per hour. If the charac- 
- ter of the walls and the relation of the actual glass surface to 
the total wall surface is such that the average transmission per 
square foot of the wall surface is about 8 B. T. U. per hour, it 
will be seen that each individual in the room is equivalent to 
an additional 50 sq. ft. of exposed wall surface. In other words, 
if there is a relatively large number of people to be accommo- 
dated in the room, the heat supplied from the human beings 
will be considerably greater than that coming in from the ex- 
ternal sources. 

Having ascertained the total amount of heat which will be 
supplied to the room interior under the extreme requirements 
for which the installation is to be designed, a measure is then 
had of determining the probable volume of air which should be 
admitted. This, of course, depends on the number of degrees 
through which the air is to be allowed to warm from the time 
it enters the room to the time it passes away. The determina- 
tion of the proper number of cubic feet of air in a given time is 
a matter of arithmetic—the greater the range of temperature 
the less the volume. If a room is to be maintained at 75 degrees, 
and the air by which this is to be effected is to be allowed to 
warm, say, 10 degrees, it is obvious that the air must enter the 
room at a temperature approximating 65 degrees. As there 
will be an unavoidable rise in the temperature of the air in its 
transit from the air-cooling coils and the fan to the room inlets, 
the actual temperature to which the air must be reduced by the 
refrigerating installation must be below 65 degrees. Allowing 
5 degrees on this account means that the air should be cooled © 
by the refrigerating plant to about 60 degrees. 


DETERMINING REQUIREMENTS OF REFRIGERATING APPARATUS. 


Having ascertained the volume of air necessary by some such 
process as outlined in the foregoing, it remains to determine 
how much heat must be abstracted from the air supply to bring 
about the specified conditions and, therefore, how much refrig- 
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erating capacity will have to be provided in the refrigerating 
plant. Suppose the air received at go degrees Fahrenheit has 
a relative humidity as high as 80 per cent. Suppose also that 
it is desired to have the room air at a temperature of 75 de- 
grees and a humidity of about 60 per cent. Either Chart I or 
Chart II can be used with these particulars, Chart II being the 
simpler and therefore more practical, but Chart I affording 
an opportunity to go into details. The important parts of 
Chart I are the sections A, B, C and D. Section C gives the 
number of British thermal units which must be removed from 
every pound of air to dispose of the excess moisture; section D 
gives the number of British thermal units per pound of air 
which must be removed to cool the air itself. 

The point B in section A lies on the curve opposite the 75 
degrees temperature, which it is desired to have within the space 
cooled. A line is run vertically downward from the point B 
until it is opposite the point in section B corresponding to a 
humidity of 60 per cent. A curved line is then traced parallel 
with the adjoining curved lines in section B until diagram A is 
again reached, when a line is run up vertically hitting the curve 
in diagram A at a point D which is found to correspond to a little 
above 60 degrees. The line is then run horizontally into sec- 
tion D, until it intersects the diagonal line corresponding to the 
initial temperature, in this case 90 degrees. From the point of 
intersection running vertically downward in D is obtained a 
point on scale 1, which shows that 6.9 B. T. U. are required for 
every pound of air received to cool it through the range of tem- 
perature stated. 

The dotted lines corresponding to step 2 show that from the 
point A in the curve of section A opposite the 90 degrees in- 
itial air temperature is dropped a line until it terminates in sec- 
tion B opposite the 80 per cent. humidity of the air supplied. 
A curved line is then being traced parallel with the curved lines 
in B, until section A of the charts is again reached, when a line 
is run vertically upward to section C, and then run parallel with 
the diagonal lines of that section, as indicated in dotted lines. 
From the point D, already determined on the curve in section 
A, is continued a vertical line upward, as marked, this line con- 
tinuing into section C until it intersects the diagonal just lo- 
cated in that section. From the point of intersection is run a 





St SEN 


PEE aT 








122 AIR COOLING BY REFRIGERATION. 


line horizontally to the scale at the left of section C, which 
shows the number of:heat units required to effect the conden- 
sation of the moisture. In this case it is noted that for every 
pound of air 14.2 B. T. U. are required. 

The total amount of heat, therefore, necessary to cool the air 
and to remove the moisture is equal to 6.9 + 14.2 = 21.1 heat 
units per pound of air. The sections of the diagram marked 
E, F and G can be employed to determine the amount of heat 
that must be removed to cool the varying quantity of moisture 
from the initial temperature to the final temperature, but, as 
will be shown, this amount of heat is relatively small, probably 
averaging about 2 or 2% per cent. of the amount of heat just 
determined. Thus for a ready estimation of the amount of heat 
which must be removed, we may add 2% per cent. to the 21.1 
heat units, making a total of 21.6 heat units for every pound of 
dry air. 

From this figure the capacity of the refrigerating plant in 
terms of so-called tons of refrigeration can, for every 1,000 
cu. ft. needed per minute, be obtained by multiplying the num- 
ber of heat units found by the charts by 0.35. For example, 
suppose that 6,600 cu. ft. of air are required per minute. For 
the case in hand the heat that must be abstracted per pound of 
dry air is equal to 21.6 B. T. U. Multiplying 21.6 by 0.35 gives 
7.56 tons of refrigerating capacity for every 1,000 cu. ft. re- 
quired per minute. Multiplying this by 6.6 shows that the total 
refrigerating capacity is 49.9 tons, or, say, 50 tons. 

Section A of Chart I shows that to get the air finally at 75 
degrees with 60 per cent. humidity, the refrigerating plant must 
be able to cool the air to about 60.5 degrees. This means that 
after the refrigerating plant has done the work of cooling the 
air to very nearly 60 degrees, the air can be warmed almost 15 
degrees, which fact is merely a coincidence allowing for the 5 
degrees rise in the air temperature before the room is reached 
and the 10 degrees after the air enters the room. The logical 
way would have been to take the low temperature at 60 de- 
grees, with the humidity 100 per cent., inasmuch as the air must 
always leave the refrigerating coils saturated, and then to note 
if a desired condition of humidity would exist at the room tem- 
perature. If too high humidity is likely to result, the air will 
have to be cooled to a greater extent and the calculations modi- 
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fied accordingly.‘ This point will be referred to in connection 
with Chart II, but its important bearing is explained in the fol- 
lowing : 

For example, suppose it is desired to employ a smaller quan- 
tity of air than such a calculation as the foregoing indicates as 
necessary. Then the air will have to be cooled to a lower point. 
Suppose that the air is cooled by the refrigerating plant to 55 
degrees, and assume also that the air as it passes through the 
ducts is warmed about 5 degrees. Then the air after admission 
into the room can be warmed 15 degrees before a temperature 
of 75 is exceeded. From the charts it will be found that 8.4 
B. T. U. must be absorbed for cooling each pound oi air from 
go degrees to 55 degrees, and that about 16.4 B. T. U. are re- 
quired to condense the vapor. This makes a total of 24.8 
B. T. U., which, increased by 2% per cent. for the cooling of 
the vapor itself, gives a total requirement of 25.4 B. T. U. per 
pound. This shows that more refrigeration is needed in this 
case per pound of air in the ratio of 25.4 to 21.6, but as the air 
can be warmed 15 degrees after its entrance into the room as 
against 10 degrees in the case first considered, only two-thirds 
as much air is needed, and therefore the required capacity of 
the refrigerating plant is in the ratio of 3 of 25.4, of 16.9 to 
21.6. In other words, the refrigerating plant when the air ts 
cooled to 55 degrees is only 78 per cent. as large as that cool- 
ing the air to 60 degrees, owing to the smaller volume of air 
sufficing. These figures show the value of moving a minimum 
volume. There is, of course, a limit depending on the degree 
of ventilation which the room must have, the minimum amount 
of air necessary for a proper diffusion of the air and the limit- 
ing temperatures which one can obtain in an economically operat- 
ing refrigerating plant. 

Another point to be mentioned in this case is that if the air 
is cooled to 55 degrees and then warmed to 75 degrees the final 
humidity at 75 degrees instead of being at 60 per cent. will be 
about 50 per cent. This would in the average case be cause for 
satisfaction, the desired point being that room humidity must 
not exceed 60 per cent. It is the selection of the range through 
which the air can be warmed after it is cooled by the refrig- 
erating plant that governs in some measure the relative hu- 
midity which the air will have finally in the room. When the 
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air is cooled by the refrigerating plant to 60 degrees, there is 
present in it all the aqueous vapor that can exist at that tem- 
perature, and the weight of vapor remains constant as the air 
passes over no water, and it has no opportunity for acquiring 
further moisture. The relative humidity which the air will 
have will depend on the range of temperature through which it 
is warmed. The only factor that affects it slightly is the moist- 
ure given to the room air by the individuals in the products of 


- respiration and by gaslights in the combustion of the hydrogen 


content. The average supply of moisture by the human body 
is 7s lb. per hour. The introduction of, say, 2,000 cu. ft. of air 
per hour per individual from a cooling plant carrying the air 
to, say, 55 degrees, means an hourly supply of 1.4 Ib. of aque- 
ous vapor in the air as compared with about 0.06 Ib. added from 
the individual. 


MATHEMATICS OF AIR COOLING. 


The cooling of air involves the following four steps: 1, the 
cooling of the air from initial temperature to final temperature ; 
2, the cooling of the vapor contained in the air until the tem- 
perature is reached when the air becomes saturated; 3, remov- 
ing the heat necessary to bring about the gradual liquefaction 
of the part of the vapor that must be disposed of; 4, the cool- 
ing of the- vapor that remains in the air from the temperature 
when the air first becomes saturated to the final temperature. 

The amount of heat that must be removed to cool 1 Ib. of dry 
air or B, is equal to 0.238 & (T — ?’), where 0.238 is the 
specific heat of air, and T and ?¢ are the initial and final tem- 
peratures of the air. 

The amount of heat removed to cool the vapor until the air 
becomes saturated is, for every pound of air, B, = HW X 
(T — T’), where H represents the percentage of humidity in 
the air at temperature T, W+represents the weight, in a frac- 
tion of a pound of the vapor present with a pound of air when 
saturated at temperature 7; and where T’ represents the tem- 
perature at which vapor will first begin to condense if the tem- 
perature is lowered. It is assumed that the specific heat of the 
aqueous vapor is equal to that of water or unity. 

After the point of saturation of the air is reached, it is ob- 
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vious that each small drop in temperature means that a small 
part of the vapor is condensed, leaving the air always in the so- 
called saturated condition with a gradual condensation of the 
vapor as the temperature is lowered. In the diagram, Fig. 1, 
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Fic 1.—DIAGRAM TO SHOW STEPS IN COOLING AIR, 


H W represents the actual amount of vapor present with every 
pound of dry air as the air is received by the refrigerating plant, 
W being the weight of vapor with one pound of air when satu- 
rated at the out-door temperature, and H being the percentage 
of saturation or the relative humidity. As the temperature is 
lowered this weight of vapor naturally remains constant (al- 
though it will occupy less space, as will also the pound of air 
at the lower temperatures, due to contraction), until a tem- 
perature, designated by 7’, is reached when H W = W’ or the 
weight of vapor which makes 1 Ib. of air saturated at tempera- 
ture 7”. 

For subsequent reduction in temperature let the vertical dis- 
tance marked dt represent a very small drop in temperature. 
Then the rectangle, which is equal to the area of W’ X dt, rep- 
resents the amount of heat abstracted when this weight of vapor 
is cooled through the very small drop in temperature. When 
an attempt is made to subject the vapor to a further drop in 
temperature, a small amount of the vapor designated by dw is 
condensed, leaving an amount of vapor represented by W”. 
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Then the area represented by the product of W” and dt repre- 
sents the amount of heat to be taken away in cooling W” lb. of 
vapor through a small drop in temperature. On the next small 
drop in temperature another small amount of vapor is con- 
densed, and the process can be imagined as taking place in suc- 
cessive steps until the final temperature desired is reached, when 
the amount of vapor existing is represented by the line w’. Ob- 
viously the area of the long rectangles represents the total 
amount of heat taken from the vapor. 

In a similar way the small shaded rectangles represent the 
amount of heat abstracted in effecting the condensation of the 
vapor. If we multiply each small. amount of moisture that is 
condensed by the latent heat of the vapor at that temperature, 
the product will be the amount of heat that has to be abstracted 
in each case. As the temperature is reduced the latent heat of 
vaporization rises slowly, and this is indicated in the shaded sec- 
tions. The area of the white rectangles, inasmuch as the little 
offsets dw are very small, is equal to the area of a trapezoid, of 
which W’ and w’ are the bases, and of which the altitude is the 
sum of all the small drops in temperature, which sum in turn is 
equal to the difference between 7’ and ¢’. In other words, the 
area in the white rectangles, or the amount of heat which must 
be abstracted in cooling the gradually decreasing weight of 
moisture, is equal to 


(W’+w') X%(T —?#) = B83. 


If we arrange the black rectangles as shown separately in 
Fig. 1, it will be seen that their collective area is also that of a 
trapezoid ; that is, that the amount of heat required to condense 
the moisture is equal to 


tdwX wYw(L+/)/I)=(W-w)xu(lL+lh=—B, 


CONSTRUCTION OF CHART I. 


Chart I is made to give the results for these various equa- 
tions. Section A is a curve based on figures given in tables on 
the properties of air such as are commonly found in books on 
heating. It shows the relation between the amount of vapor ex- 
isting with 1 Ib. of dry air saturated and the temperature of the 
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air. Section B is a group of equilateral hyperbole, each of ° 
which is the locus of points, the products of the codrdinates of | 
which is a constant, the coordinates representing the percent- 
ages of humidity and the weight of vapor per pound of air. 


_In other words, the equation of the curves in section B is 


H W = constant. Section C is arranged with diagonal lines, 
so that by using as indicated by the dotted lines the difference 
in the weight of vapor in the air at any two points of tempera- 
ture can be ascertained. Section C is to get the value of the 
equation B, = (W’ — w') + % (L +1). As the difference 
between the yalues of the latent heat is small, particularly over 
the range which problems of this character cover, a value of 
1,070 B. T. U. per pound of vapor was taken as the mean value 
of L and /, and the scale to the left of section C of Chart I is 
made to read directly in products of 1,070 and the weight of 
vapor removed from the air. 

Section D is also arranged with diagonal lines, so as to give 
a reading for the difference in initial and final temperature. 
The scale immediately below D represents the product of this 
difference in temperature and the specific heat of air, so as to 
give a reading directly in the number of heat units necessary 
for cooling every pound of air. This gives the value of B,. 

Section G is used to obtain both the amount of heat required 
to cool the vapor from initial temperature to the point when the 
saturation begins, and to obtain the heat required in cooling the 
vapor after the first point of saturation is reached. The curves 
of section G are also equilateral hyperbole, with differences in 
temperature as one of the coordinates and the weights of vapor 
as the other. In determining the amount of heat required to 
cool the vapor in the first process the figures of the curves must 
be multiplied by 2. The dotted lines numbered will indicate the 
application of the curves in section G. 

From the point C in the curve of section A, which point cor- 
responds to the temperature when the air becomes saturated, 
and which point was determined as explained, a line is run hori- 
zontally, as marked in the dotted lines, to section F, until the 
diagonal line corresponding to initial temperature is reached, 
when the line is dropped vertically downward into section G. 
This is intersected by a line drawn from section B horizontally 
from the end of the curve representing the amount of vapor ex- 
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isting with 1 lb. of air at the initial temperature. The point of 
intersection lies on a curve, the value of which inthe present 
example would seem to be 0.08. Multiply this by 2, and the re- 
sult will be the number of heat units which must be abstracted 
per pound of air to cool the vapor in the air from initial tem- 
perature to the temperature when saturation occurs. This cor- 
responds to the equation B, = H W (T —T’). 

The fourth step involves following a horizontal line in sec- 
tion A from the point D, the final temperature to which the air 
is brought, carrying this line into the section F until it inter- 
sects the diagonal line corresponding to the temperature when 
the air first became saturated. From this intersecting point a 
line is dropped into section G. This vertical line corresponds 
to one-half the difference in temperature between the air when 
first saturated, and when it finally leaves the refrigerating 
surface, and is part of the equation B, = (W’ + w’) X &% 
(T’ — t'). The sum of the vapor contents per pound of air is 
obtained in the following manner: The line 3 in section E cor- 
responds to the vapor existing in the air as it is received by the 
refrigerating plant; that is, the amount of vapor existing per 
pound of outside air. From the point E a line is run at 45 de- 
grees in section E, as indicated, until a vertical line is reached cor- 
responding to the amount of vapor existing at the final tempera- 
ture, this figure being obtainable from section A in the dotted line 
marked 1. When this diagonal line in section E reaches this ver- 
tical line, a line is run horizontally into section G. Its inter- 
section with the vertical line from section F gives the point de- 
sired. This, it will be noted, lies on the curve corresponding to 
0.41, meaning that 0.41 heat unit must be abstracted from every 
pound of air in order to cool the vapor from the temperature at 
which saturation occurs to the final temperature, and is the 
value of B,. 

The sum of B, and B, shows that 0.57 heat unit should be 
added to the 21.1 heat units covering B, + By, or that the total 
heat requirement per pound of air is 21.67. This indicates that 
the amount of heat shown as necessary by the sections C and D, 
of Chart I, is increased 2.7 per cent. to take into account the cooi- 
ing of the vapor. 

After ascertaining the number of heat units required per 
pound of air to cool it, it is next desired to know the refrigerat- 
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ing capacity. As the figures are obtained per pound of air, and 
as the weight of dry air in 1 cu. ft. of a mixture of air and va- 
por depends not only on the temperature of the air, but on the 
relative humidity, it would seem necessary to multiply the num- 
ber of heat units found by the chart by the weight of dry air in 
I cu. ft. of the outside air to ascertain the number of heat units 
required in the refrigerating plant per cubic foot of the air sup- 
plied. It is obvious that the refrigerating capacity should be 
given in terms of the number of cubic feet of air which must be 
supplied. The weight of the dry air in a cubic foot of a mix- 
ture of vapor and air varies from 0.0659 for air at 102 degrees 
and 100 per cent. humid to about 0.074 Ib. per cubic foot for 
air at 72 degrees and 50 per cent. humid. The variation at the 
average temperatures and percentages of humidity is not great, 
so that the number of heat units required per cubic foot would 
be closely approximated by multiplying the heat units found by 
the charts by 0.07. However, a table approximately correct 
has been prepared to show the variation of the weight of the 
dry air in 1 cu. ft. of different mixtures of air and vapor at dif- 
ferent temperatures. 


WEIGHT OF Dry AIR IN 1 CuBic Foot OF MIXTURE OF AIR AND VAPOR. 


TEMP, PERCENTAGE OF HumMupITy. 
Deg. Fahr. 100 90 80 70 60 50 0 
bas stocedaed 0.0659 0.0664 0.0669 0.0674 0.0678 0.0683 0.0707 
eee 07 .0708 -0711 .0714 0717 .0720 .0733 
=e .0729 0731 0733 0735 0737 0747 
, 747 .0748 .0750 0751 07 .0754 0761 
| eee 0766 0767 .0768 .0769 .0770 0771 .O776 
Wdekdacs enna .0784 0785 0785 -0786 0787 .0788 .0791 


If we multiply the total volume of air required, say, in a 
minute’s time, by the weight of this air in pounds per cubic foot, 
as shown in the table, and multiply this in turn by the number 
of British thermal units found necessary per pound by the 
charts, the final product will give the total number of heat units 
which must be removed in the given time. If we divide this by 
the heat equivalent of 1 ton refrigeration the quotient will give 
the refrigerating capacity. One ton refrigeration may be de- 
fined as being equal to the heat transfer involved in the freez- 
ing or melting of 2,000 Ib. of ice in 24 hours. The latent heat 
of ice, that is, the number of heat units which must be ab- 
stracted from water after it has reached the point of freezing 
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before ice is formed, is equal to 142.2 B. T. U. For 2,000 Ib. 
this represents 284,400 B. T. U. per day, or about 12,000 B. T. 
U. per hour, or 200 B. T. U. per minute. In other words, 1 
ton refrigerating capacity for one day is equivalent to the per- 
formance of 200 B. T. U. every minute. If we divide the total 
heat requirements as calculated by 200, the result will be as 
stated, the refrigerating capacity required. If we take the aver- 
age weight of the dry air in a cubic foot of the average mix- 
ture of vapor and air out-doors in summer as 0.07 Ib., every 
1,000 cu. ft. of air handled per minute represents 70 lb. of air 
to be handled by the refrigerating plant every minute. If one 
heat unit of refrigeration is required for every pound of air ad- 
mitted to the system, then 70 heat units will be required per min- 
ute per 1,000 cu. ft. per minute. Dividing the 70 heat units by 
200 heat units corresponding to I ton refrigeration gives a quo- 
tient of 0.35 as the number which multiplied by the heat re- 
quirements of 1 lb. of air gives the number of tons refrigeration 
per thousand cubic feet of air per minute. 


APPLICATION TO NEW YORK STOCK EXCHANGE, 


A practical application of the charts may be had in connec- 
tion with the refrigerating plant which has been installed in the 
New York Stock Exchange. This equipment is one of the par- 
ticularly interesting features of the mechanical plant designed 
for that building by Alfred R. Wolff of New York City. It 
was described at length in four issues of the Engineering Rec- 
ord in April, 1905, and in respect to its air-cooling plant alone 
in The Metal Worker of August 5 of the same year. The plant 
is notable not alone for its magnitude, although of no less than 
450 tons’ refrigerating capacity in three units, but for the fact 
that it represents a solution of the problem of cooling air for 
ventilation on a scale not considered up to that time. 

The articles mentioned explain that the apparatus is provided 
to secure a room temperature of not more than 75 degrees and 
a humidity of about 55 per cent when air received at 85 degrees 
Fahrenheit and 85 per cent. humidity. In Chart II we locate 
two points, one on a line opposite 85 degrees and midway be- 
tween the curved lines corresponding to 80 and go per cent. 
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humidity, and the other on a line opposite 75, degrees and mid- 
way between the curved lines corresponding to 50 and 60 per 
cent. humidity. The first point corresponds to the condition of 
the outside atmosphere, and the second to the condition which 
it is desired to have inside. From the latter point is dropped a 
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line until the curve corresponding to 100 per cent. humidity is 
reached. This point will be found to lie opposite 58 degrees, 
and indicates the temperature to which the air must certainly be 
reduced to bring about the desired conditions. Running hort- 
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zontally from this point into the group of diagonal lines until 
the diagonal line corresponding to the initial temperature of 85 
degrees is reached gives a point, which by dropping a line to 
the scale shows that 2.3 tons’ refrigerating capacity are re- 
quired in the refrigerating equipment for cooling the air for 
every thousand cubic feet which may be required per minute. 

To determine the number of tons necessary for condensing 
the vapor a line is carried vertically upward from the point 
corresponding to outside air conditions until the upper group of 
diagonal lines is reached, when this line is then carried parallel 
with the diagonal lines. From the point corresponding to in- 
side conditions a line is carried up vertically until it reaches the 
diagonal line just located, and the point of intersection will be 
found to lie opposite a position on the scale corresponding to 
4.35 tons’ refrigerating capacity. The total is thus 6.65 tons, 
which should be increased 2% per cent. to take care of the cool- 
ing of the vapor, making a total of 6.82 tons for every thousand 
cubic feet required per minute. 

It is stated that the hourly amount of heat added to the board 
room of the building, comprehending the heat transmission 
from outside atmosphere through the windows, doors, outside 
walls and skylights, and taking into account also the heat from 
the sun, the animal heat from individuals within the room and 
the heat from lights which may be burning, is altogether about 
666,000 B. T. U. If we assume that the air after it leaves the 
sefrigerating plant is warmed 5 degrees before it enters the 
room, it reaches the board room at a temperature of 63 degrees. 
As the air is not to exceed 75 degrees within the board room, 
the air supply which is to offset the heat in the room can be 
warmed through 75 — 63 = 12 degrees. One cubic foot of 
air heated 12 degrees takes up I X 12 X 0.075 X 0.238 = 
0.214 B. T. U. The 666,000 B. T. U. supplied in an hour is 
equal to 11,100 B. T. U. in a minute, therefore the air supply 
needed in a minute is equal fo 11,100 + 0.214 = about 51,800 
cu. ft. per minute. The refrigerating capacity under these condi- 
tions would, therefore, be equal to 51.8 XK 6.82 = 353 tons’ re- 
frigerating capacity. The relative humidity, however, will 
really be more than 55 per cent., inasmuch as the individuals 
are moisture producers, and if there are gaslights an additional 
amount of moisture will also be added from this source. We 
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may, therefore, see what the effect will be of reducing the air 
to a temperature of 55 degrees in the refrigerating plant. 

By referring to Chart II it will be found by running hori- 
zontally along the line corresponding to 55 degrees until it in- 
tersects the diagonal line corresponding to 85 degrees that 2.55 
tons are required for cooling 1,000 cu. ft. of air per minute. 
Similarly a line is run vertically upward from the point on the 
100 per cent. humidity curve corresponding to 55 degrees, until 
this vertical line intersects the diagonal line corresponding to 
the 85 degree 85 per cent. humidity point. The point of inter- 
section shows that 4.8 tons’ refrigeration are required for con- 
densing the vapor. The total, adding 2% per cent for cooling 
the vapor, is 7.53 tons per thousand cubic feet of air per min- 
ute. In this case we may assume the air is introduced into the 
board room at 60 degrees, with the opportunity of warming 15 
degrees further during the process of supplying the heat to the 
board room. Warming each cubic foot of air 15 degrees is 
then equal approximately to 0.268 B. T. U. Therefore the 
number of cubic feet of air required in a minute is equal to 
11,100 —~- 0.268 or about 41,400 cu. ft. Therefore the size of 
the refrigerating plant necessary is equal to 41.4 X 7.53 = 312 
tons. There were provided for the board room two 150-ton 
refrigerating plants, or 300 tons altogether. : 

Pipe coil surface is employed for cooling the air, and for the 
board room just described there are 20,000 linear feet of 1% in. 
galvanized pipe. This bunker of pipe coil surface is arranged 
in 22 coils, each coil lying horizontally with the supply and re- 
turn ends of the 22 coils connected into two vertical headers. 
The coils are of continuous piping from supply to return header 
bent in serpentine form, which brings the pipe back and forth 
across the bunker chamber. The entire bunker occupies a 
space of about Io ft. in depth in the direction of air flow and 
18 ft. transversely with respect to the air flow. The connec- 
tions of the coils to the header are spaced about 4% in. on 
centres, and the paralleling or serpentine form of the pipes of 
each coil brings the piping in two layers or levels, so that the 
pipes are roughly centre to centre measurement from the bot- 
tom to the top of the bunker chamber about 2% in. apart, with 
the pipes disposed in 44 layers. There is a free cross section 
for the flow of air of perhaps 45 or 50 sq. ft., and with the de- 
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livery by the fans of 41,400 cu. ft. per minute the velocity 
through the bunker chamber approximates on this basis goo to 
950 ft. per minute. 

The 20,000 linear feet in the bunker for the board room rep- 
resents 8,700 sq. ft. of heat-absorbing surface. The 312 tons 
of refrigerating capacity just figured means that the bunker is 
to absorb in one hour’s time 312 X 12,000 = 3,744,000 B. T. 
U. Dividing this by the number of square feet indicates that 
each square foot of the bunker surface is depended on to ab- 
sorb about 430 B. T. U. per hour. With air received at 85 de- 
grees and discharged at 55 degrees, the average terhperature 
of the air is 70 degrees. If the brine circulating through the 
coils is delivered at zero, and leaves the coils at 10 degrees 
Fahrenheit, the mean temperature of the brine would be 5 de- 
grees. The difference in temperature between the mean tem- 
perature of the brine and the mean temperature of the air is thus 
65 degrees. This would, therefore, mean that each square foot 
of the bunker surface is calculated to absorb somewhere in the 
neighborhood of 7 B. T. U. per square foot of bunker surface 
per hour per degree difference in temperature between the air 
and the cooling medium. If the brine should average as high 
as, say, 20 degrees, the difference between the mean air tem- 
perature and mean brine temperature would be 50 degrees, and 
the amount of heat absorbed by each square foot of the bunker 
surface per hour per degree difference would approximate 8 
B. T. U. It appears also that the refrigerating machinery in 
the Stock Exchange, which is of the ammonia-absorption type, 
is operated entirely with exhaust steam from the mechanical 
plant at not over 4 lb. pressure above the temperature, and that 
the water used in the apparatus is used in part for boiler feed 
purposes and in part for supplying the plumbing fixtures of the 
building. 


DISCUSSION. 


Mr. Weinshank: About two years ago I mentioned the sub- 
ject to the Society, and at that time the matter was treated very 
lightly by the Society, as but little information was at hand. I 
am glad that Mr. Macon has gone into the subject and brought 
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out points which will enable us to treat the matter more accu- 
rately. I hope that the Society will keep this matter up until the 
problem is solved from a practical standpoint. 

About eight years ago this subject of cooling caused the 
writer considerable trouble when he undertook to dry photog- 
raphers’ film paper. The only practical way of drying this paper 
is by condensation of moisture or by sending it through a cool- 
ing room. To accomplish this, I designed a tunnel go ft. long, 
4 ft. wide and 7 ft. high. The paper was unrolled from a large 
roller and sent through the room slowly, and by keeping the tem- 
perature of 34 degrees above zero I was able to dry the paper 
by the time it reached the farthest end of the tunnel. 

To determine the amount of ice required to cool the air in the 
room from 80 degrees F. outside to 34 degrees F. inside, and at 
the same time change the air in the room every minute, I had to 
conduct a series of tests and by a number of trials finally suc- 
ceeded in procuring results, but was not in a position to deter- 
mine beforehand the size of apparatus required, not having any 
data at hand. 

I am glad that this matter is being treated by the Society, and 
I was very much pleased with the tests made by Mr. Feldman, 
and hope that others who are in a position to do so will continue 
the good work. If we were placed in a position where we can 
control the conditions of air, I possibly would be able to answer 
a physician's question. 

I was asked by a physician why I could not create artificial 
air such that they could build hospitals and provide same with 
such air as would compare with the climate in Arizona or Colo- 
rado, where we usually send our friends afflicted with tubercu- 
losis. When I informed the doctor of the costs, he replied that 
if we could save ten lives a year it would be worth all the ex- 
pense for the maintenance of such hospitals if such could be 
accomplished. 

Professor Kinealy: I think we ought to be congratulated 
upon this paper of Mr. Macon’s. It is an excellent paper. There 
is a demand now for heat during the winter and cold during the 
summer. 

Mr. Lyle (Carrier Air Conditioning Co.): I understand the 
floor is open to outsiders. I am interested in this paper from 
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the fact I have been interested in some work along these same 
lines. 

Many physicians who are studying conditions. of tuberculosis, 
throat diseases and nasal diseases, are taking up the theory and 
view that the dry air has little to do with the cure of these dis- 
eases ; that it is not a question of low percentage of relative hu- 
midity, but a question of a standing condition, and, as a result 
of that they tell me that the cures of consumption effected on 
Blackwell's Island, surrounded with water and a high percent- 
age of humidity all the time, compare favorably with the results 
obtained in Arizona. They have turned out a great many cures 
at the city hospital. 

To go back to Mr. Macon’s paper, I would like to ask what 
back pressure he uses approximately, and how much water is 
used on the New York Stock Exchange job. 

Mr. Macon: I understand so far as back pressure is concerned 
they never used to go above four pounds. I suppose that is in 
the warmest kind of weather. I believe they start that plant at 
8 or 9g o'clock every, morning, not running at all during the 
night. They stop before the Exchange closes. The brine prob- 
ably reaches at the end of that period 20 degrees. When it 
comes to getting any figures from the Exchange they refuse 
to give them. I assume that some of the data on their plant 
have been advertised in a way that the Exchange does not like. 
I am willing to add this much to the paper. The contract con- 
ditions with respect to the performance of the refrigerating ma- 
chinery definitely stated how much minimum and maximum 
quantity of steam would be necessary for one ton of refrigera- 
tion, meaning that the water had to be hot enough to absorb 
the amount of heat taken out of the air and also the amount of 
steam that is condensed. Going into it roughly we may assume 
that more heat energy has to be represented in the steam supply 
than the heat energy.that is taken out of the air before you can 
have the 100 per cent. efficiency. So it is obvious that the 
amount of heat energy has to be more than twice the amount 
of energy represented for the cooling of the air. This means a 
maximum condition of 1,000 tons refrigerating capacity at the 
twenty-four hour basis. We must remember the plant is not 
run twenty-four hours. One ton of refrigerating capacity 
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means the heat abstracted in making 2,000 pounds of ice or 
about 280,000 B. T. U. every twenty-four hours. 

Mr. Lyle:'Do you have any trouble with moisture freezing 
on the coils, or does shutting down through the night throw 


‘this off so they won't give you any trouble during the day’s run. 


Mr. Macon: No. 

Mr. Feldman: Usually in these large plants that only run a few 
hours in the day and that never get below 25 degrees in the brine, 
the coils never have a chance to get any frost on them at all. 
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NOTES ON THE DESIGN OF FURNACE HEATING 
SYSTEMS, WITH AN APPLICATION TO A TEN- 
ROOM RESIDENCE. 


BY J. D. HOFFMAN, LA FAYETTE, IND. 


(Member of the Society.) 


1. The heating of the buildings in which we live is a subject 
that has of late been fortunately receiving considerable atten- 
tion in all parts of the country. Improved conditions of living 
and more expensive buildings have demanded it. In the recent 
rapid growth of this branch of engineering, different systems 
have been compared, not only as to cost of installation, but as 
to satisfaction and economy of operation. Such investigations 
stimulate competition and improve the product, hence they 
are to be commended. Some of the comparisons, however, 
have been difficult to sustain because of the different bases 
upon which these systems have been operated. For instance, 
the efficiency of a direct radiation steam or hot-water system 
having no arrangement whatever for admitting fresh air to 
the rooms for ventilation, should not be compared to that of 
a furnace-heating system having an outside air connection and 
supplying fresh air to the rooms for ventilation; the one is not 
only heating the building, but is heating the cold air which 
enters the building, the other is merely heating the building. 
Conditions in each case should be the same before we can 
make any very definite comparisons. Of course, general state- 
ments may be, and are, frequently made, but they are under- 
stood to be only approximately correct. 

2. Some of the points in favor of the furnace system are: 
First, low cost of installation; second, heat combined with 
ventilation ; third, the rapidity with which the system responds 
to light service or to sudden changes of out-door temperatures. 
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Compared with that of steam-heating systems, the furnace 
plant can be installed for one-half to one-third the cost, and 
from one-third to one-fourth that for hot-water systems. In 
addition to this, the fact that ventilation is so easily obtained, 
and the fact that a small fire on a mild day may be used to re- 
move the.chill from all rooms, gives this method of heating 
many advocates. 

3. The objections to the system are: First, cost of operation; 
second, the difficulty of heating the windward side of the house; 
third, the contamination of the air supply by fuel gases leaking 
through the joints of the furnace. In a good system, well in- 
stalled, however, the only serious objection is the difficulty of 
heating that part of the house subject to the pressure of heavy 
winds. The stack draft from a warm-air furnace is not very 
strong at best, and any differential pressure in the various 
rooms would tend to force out the air from certain rooms 
towards those having the least resistance. The cost of operat- 
ing can be controlled to the satisfaction of the owner, consistent 
with his ideas of the quantity of ventilating air needed. For 
example, in any plant arrangements should be made to carry 
the cooled air from the room back to the furnace to be re- 
heated. In this case, if the outside ventilating air be cut, off 
entirely, the cost of heating is about the same as that of any 
ordinary system of direct radiation, having no provision for 
ventilation. On the other hand, any amount of pure air up 
to the full amount may be taken from the outside for the pur- 
pose of ventilation, requiring, of course, that the same amount 
of air be exhausted at the room temperature. The process, 
therefore, of exhausting this air for the sake of obtaining good 
ventilation is where the excess cost of furnace heating comes in. 

4. The real object of this paper, therefore, is to discuss one 
type of system only—i.e., furnace heating in residences. In 
this we will consider the various points of design and opera- 
tion, work out such formulas as may be applied to other sys- 
tems of the same type and apply these formulas to a typical 
case. 

5. VENTILATING AIR NEEDED PER Hour.—The need of a 
continuous supply of fresh air in our residences can scarcely 
be over-estimated. Health is probably the greatest of all 
blessings, and pure air is an absolute necessity to health. The 





eee eS SNE 8 8 SES SE SE Bete eS 





140 NOTES ON THE DESIGN OF FURNACE HEATING SYSTEMS. 


human body has been compared to a well equipped, although 
very complex, power plant. As the carbon, hydrogen and 
oxygen of the fuel and air supply in any mechanical power 
plant is consumed in the furnace, the resulting heat being ab- 


sorbed in the generating system and finally turned into work °* 


through the attached mechanism, so the human body in a simi- 
lar way, but at a very much slower rate, absorbs the heat of 
combustion and turns it into work. The products of combus- 
tion in both cases are largely carbonic acid and water. The 
chief requisites of the mechanical plant are good fuel, good 
draft and good stoking. On the other hand, the human body 
needs pure food, pure air and healthful exercise. Of the three, 
the second is probably of the greatest importance, since no 
person can keep in health with impure air, even though ac- 
companied with the best food and plenty of exercise. 

6. The oxygen of the air fills about one-fifth of the volume 
in atmospheric air and is the element that makes combustion 
possible. When rejected as a carbonic acid, CO,, it carries 
away the impurities from the body and cleanses the system. 


The amount of CO, in the air is used as an index to the purity. 


of the air, pure air having four parts CO, in 10,000 parts of 
air. The average person gives off probably .6 cubic foot of 
CO, in one hour, from which, if the impurity of the air in the 
room be maintained at six parts CO, in 10,000 parts of air, the 
person will need 3,000 cubic feet of atmospheric air per hour; 
if maintained at eight parts in 10,000, the person will need 
1,500 cubic feet per hour. This may be put in a simple form 
for calculation: 


Let V = cubic feet of atmospheric air needed per hour per 
person; A = cubic feet of CO, given off per hour 
per person; m = the standard of purity to be main- 
tained (allowable parts of CO, in 10,000 parts of 
air); and p = the standard of purity in atmospheric 
air, say, 4; then 


V= Se (1) 


from which the curve (Fig. 1) is developed. 
7. It should be understood that no hard and fast rule can 
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be given for the air required per person. This naturally would 
be a different amount when considering the physical develop- 
ment of each person in health; it would also be different for 
the same person, according to his occupation at the time; also, 
according as the degree of purity within the room is main- 
tained, the air supply must be changed to suit. Eighteen 


"Purity to be maintained 
> @ ~~ on 





1000 


3000 4000 5000 oun 7000 
Cubic feet of air per person per hour 


FIG. 1. 


hundred cubic feet per hour per person has become quite 
generally accepted and will be assumed in this case. In addi- 
tion to the vitiation of the air by the occupants, there are more 
or less impurities coming from gas burners, lamps, etc. This 
may be accounted for in terms of occupants of the room. It 
is claimed that one ordinary gas burner using, say, four cubic 
feet of gas per hour will vitiate as much air as three or four 
people. Where many lamps or gas burners are used, they 
should be accounted for by increasing the fresh-air supply 
accordingly. 

8. Air CIRCULATION IN FuRNACE HeEatinc.—The use of 
air in furnace heating may be considered from two standpoints, 
each very distinct in itself. First, air as a heat carrier; second, 
air as a health preserver. The first may or may not provide 
fresh air; it merely provides enough air to carry the required 
amount of heat from the furnace to the rooms, i.e., to take the 
place of the heat lost by radiation plus the small amount that is 
carried away by the natural interchange of air from within anc 
without the building, as would be true in any residence that is 
not especially planned to provide ventilation. With certain al- 
lowable temperatures at the various parts of the system, this 
volume of air may easily be calculated. One point here shoulé 
be remembered. When the cubic feet of air per hour as a heat 
carrier is found, the volume remains the same, no matter if it 
enters the furnace through a duct from within or without the 
building. So this plan may be both a heat carrier and a venti- 
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lator if desired, subject only to the amount of air required. The 
second plan requires that enough air be sent to the rooms to 
provide ventilation. If this amount is less than that needed as 
a heat carrier, all well and good, the first amount will be used, 
but if it should be greater, then the first amount will need to be 
increased arbitrarily to agree. This increased volume will then 
be used instead of that calculated as a heat carrier only. As 
previously stated, the cubic feet of air per hour as a ventilator 
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may be taken as 1,800 N where N is the number of persons tc 
be provided for. 

g. In Fig. 2, let t== temperature of the air entering the 
room from the register, say, 130 degrees F.; ¢’ = temperature 
of room, say, 70 degrees, and ft, = temperature of outside air, 
say, O degrees. Let, also, H = heat loss from the room in 
B. T. U. per hour as calculated by formula. There is, of course, 
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a certain loss of heat expected in any case by the air leakage. 
This is included in the value H, but by the B. T. U. carried 
away by the exhausted air is meant where special provision is 
made for venting to the outside air. The heat loss H will be 
the same for all methods of heating, and should be carefully 
worked out for the various rooms by the use of some well-tried 
formula, because all the other calculations in the system are 
based upon it. It will be seen that the heat given off as the 
air drops in temperature from ¢ to ¢’ must equal the heat loss 
H. The safe temperature of the air as it leaves the register is 
130 degrees F. This may at times reach 140 degrees F., but 
it is well to use the lower value for the calculations. If, as is 
usually the case, the room air is 70 degrees F., the incoming 
air will drop in temperature through 60 degrees F., and will 
give off 60-55 = 1.09, say, 1.1 B. T. U. per cubic foot. 
Since, in the design of any plant, H is the first thing to find, 
we will assume this value as having been obtained by some 
satisfactory formula, and we will base all the following results 
upon it. Having determined H, then the amount of air needed 
as a heat carrier measured at the register is 


_ oa 8 ; 
Q= bam py APPIOX. wee eee ee (2) 
where 55 cubic feet of air may be heated from 59 to 60 degrees 
F. by one B. T. U. This is proven as follows: The specific heat 


of air at 32 degrees F. is 0.238, then one B. T. U. will raise 


= 4.2 pounds of air from 32 to 33 degrees, and if one cubic 





0.238 
foot of air at 32 degrees weighs 0.0807 pound, we have 
4.2 ; ; ; 520 
= 52 cubic feet of air at 32 degrees, or 52 —— = 55 
0.0807. * ET “ao 


cubic feet of air from 59 to 60 degrees F. 

10. Formula 2 gives the required amount of air to carry 
the heat for ordinary building losses. This amount of air at 
the register will be practically constant for the chosen tem- 
peratures, no matter if the air be taken back to the furnace, 
i.e., recirculated, or be vented to the air and fresh air taken in 
to fill its place. The only part of the plant that would be af- 
fected by this change from inside to outside air would be the 
size and capacity of the furnace. 
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11. Is THis AMOUNT OF AIR SUFFICIENT FOR VENTILATION 
IF TAKEN FROM THE OuTSIDE?—Take the 13 X 15 X Io foot 
sitting-room, Plate 2. Let the estimated heat loss be 14,000 
B. T. U. per hour, then Q = 12,727 cubic feet. With a room 
volume of 1,950 cubic feet, the air will change 6.5 times per 
hour, and, allowing 1,800 cubic feet of air per person, will 
supply seven people with good ventilation, if fresh air be used. 
Stated as a formula, this would be, 


H H 
5 APPTOX....-... +... (3) 


N = = 
I.I X 1800 200 





As a matter of fact, ventilation for half this number would be 
ample in an ordinary residence room excepting on extraor- 
dinary occasions. So it would seem that the subject of ven- 
tilating air will be more than taken care of if the ducts are 
planned to carry air for heating purposes only. 

12. If for any reason Q is not sufficient for ventilation, then 
more air must be sent to the room and the temperature dropped 
correspondingly to avoid overheating the room. Let Q, = 
total volume of air per hour, including extra air for ventilation, 
measured at the register, and ¢,= temperature of the air at 
the register, then, 


t, = 70 + (55H +Q,).............4- (4) 


13. Heat Lost By VENTILATION.—Now, if this air, which 
we call a heat carrier, is not allowed to escape from the build- 
ing through vent ducts, but is taken back to the furnace and 
recirculated, the only loss of heat will be that calculated by the 
formula. As a matter of fact, the air thus used would soon 
become contaminated and unfit for the occupants to breathe; 
hence, it is customary to exhaust through vent flues a part 
or all of the air sent from the furnace. All the air exhausted 
carries away an additional loss of heat from the building in 
proportion to the drop in degrees from 70 to that of the outside 
air. Take, for example, a room under three different condi- 
tions of service on a zero day: First, when all the air is recir- 
culated; second, when only enough air is exhausted to give 
good ventilation; third, when all the air is exhausted. 

Under the first case, the loss will be the same as that calcu- 
lated by the formula—i.e., = H. 
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The second, assuming N people to need ventilation, will be, 


H’ = H = [(1800 X N X 70) + 55]... ----ececcceeees (5) 
The third will be 
H” = ((t — t,) H}] + (t—t’).............. (6) 


Formula (5) is a general formula, and will fit any condition 
and any degree of purity in ventilation. With N = 2, this would 
come near to average practice in the operation of furnace 
systems. Formula (6) is only true where the volume Q is cir- 
culated. If larger volumes are circulated use (5). 

Little thought need be given, therefore, to the subject of 
ventilation in the average residence further than to plan for 
the entering of the fresh air to the furnace, and its withdrawal 
through vent ducts to the attic. Since the quantity of air is 
sufficient, the owner may regulate to suit his needs. 

14. Both lines of air entering the furnace should be damp- 
ered. Concerning the best point from which to return the 
room air, nothing very definite can be stated. It is best taken 
from the coldest part of the house, generally near a door. 

15. Moisture iN Air.—Moisture in the air is a benefit both 
to the heating and the ventilating systems in any room. With 
moist air in the room, a person may feel comfortable when the 
temperature is several degrees lower than the comfortable 
temperature of dry air. Dry air absorbs the moisture from 
the skin. The vaporization of this moisture causes a loss of 
heat from the body, and gives to the person a sense of cold, 
which is only relieved when the temperature of the room is 
increased. Air that is fairly saturated with moisture will not 
permit of much evaporation from the skin, because there is 
not much demand for this moisture in the air, consequently, 
the body retains that heat and the person has a sensation of 
warmth which is only relieved by lowering the temperature 
of the air in the room. On the other hand, at low temperature, 
the moisture in the air chills the surface of the skin by con- 
vection, a condition that is not so noticeable when the air is 
dry. It follows from the above statement that the range of 
comfortable temperatures is less for moist air than for dry air. 

16. Concerning the effect of moisture in the air in its rela- 
tion to the heating and ventilating of the room; dry air does 
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not absorb radiant heat; moisture in the air has this quality. 
It has also somewhat less weight than dry air and is more 
buoyant. Because of the possibility of storing up the radiant 
heat within the particles of moisture, and because of its con- 
vection qualities, it serves as a good heat carrier for the heat- 
ing system. 

17. Humipity oF THE A1r.—The actual humidity of the air 
is the amount of moisture in the air at any temperature. The 
relative humidity is the amount of moisture actually in the air 
divided by the amount of moisture which the same volume of 
air could hold at the same temperature when saturated. It 
is very important that the heating engineer be able to add 
to or to take away from the amount of moisture in the air 
supply of any building. To find the amount of moisture that 
should be added or subtracted in any case, it is first necessary 
to determine the humidity of the air at various points along 
its course. This may be obtained by the aid of the wet-and- 
dry-bulb thermometer, or by any one of a number of hygrom- 
eters supplied by the trade. 

18. THE THEORETICAL AMOUNT OF MOISTURE TO BE ADDED 
TO AIR so AS TO MAINTAIN A CERTAIN Humipity.—Warm 
air has a much greater capacity for holding moisture than 
cold air. When air is taken at a given outside temperature 
and heated for interior service, the volume increases with the 
absolute temperature and the humidity decreases rapidly. Air 
thus treated becomes dry and unpleasant to the occupant, as 
well as being detrimental to the furnishings of the room. Some 
means should, therefore, be provided to supply this moisture 
to the air current. 

19. In calculating the amount to be added, let Q = volume 
of air in cubic feet per hour entering the room at the register; 
t = temperature in degrees F., and T = its absolute tempera- 
ture; let Q’ and Q, —the corresponding volumes of air in the 
room and on the outside, with ¢ and t, their temperatures in 
degrees F., and TJ’ and 7, = their absolute temperature; also, 
let h’ and h, be the humidities, respectively, of the room air and 
the outside air. Then, from the formulas, 


TO’ sal T’O and TQ, = T,Q bs ssa 0 Standart Aantal (7) 


find Q’ and Q,. 
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20. From prepared tables find the amounts of moisture M’ 
and M, in one cubic foot of saturated air at the temperatures 
t’ and t,; multiply these by the respective humidities and volumes, 
and the difference between the two final quantities will be the 
amount of moisture required per hour as expressed by the 
formula, 


W=Q'M’h’-Q,M,hy.........--ee- (8) 


21. APPLICATION.—Let Q = 5000, t = 130, t/ = 70, ty = 30 
h’ = .50, ly = .50, M’ = 7.98, and M, = 1.958, then 
Q’ = (5000 X 530) + 590 = 4500. 


Qo = (5000 X 490)-- 590 = 4150. 
\W == 13,890 grains, or 1.984 pounds per hour. 


This means that approximately 2 pounds of water would be 
evaporated for every 5,000 cubic feet of fresh air entering the 
register. 

22. The practical difficulties experienced in attempting to 
moisten air that is being raised to a higher temperature are 
great. When a current of air passes over the surface of still 
water, as is the case with moistening pans, it takes up very 
little of the water vapor unless both the air and the water are 
at a fairly high temperature. If the water is in motion, as pro- 
duced by a spray or a drip, then the air will take up large quan- 
tities of the moisture, but much of it will be merely suspended 
in the air in a very finely divided state and will be deposited 
on the first cool object it comes in contact with. Such moisture 
cannot properly be said to be in the air. 

23. Heat Recisters.—The velocity of the air as it leaves the 
register is best taken between three and four feet per second 
to insure against unpleasant drafts in the room. This is espe- 
cially true for registers located near the floor line. Assuming 
the mean figure 3.5 feet per second, we have, 


Area of Net Heat Register = 55 H X 144 +(60 X 3.5 X 3600) 
= 0.01 H square inch, approx. (9) 

The nominal size or the catalogue sise of the register is about, 
Gross heat register = 1.5 X net heat register......... (10) 


Floor registers are best adapted to halls and rooms on the 
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first floor. There is a serious objection to their use, however, 
when they require the cutting of carpets or hardwood floors. 
This restricts their use very much. For rooms on the second 
floor the wall register is preferred. Floor registers on the 
first floor may safely be placed on the more exposed sides of 
a room when this can be done without making the leaders too 
long. Wall registers should always be in the inner walls. 

24. Heat Stacx.—To get the proper size of the stacks in 
any heating system is a very important part of the design of 
that system. By some designers the cross-sectional area is taken 
roughly as a certain ratio to that of the net register. This has 
been quoted anywhere from 50 to go per cent. Such wide vari- 
ations between extremes of air velocity should certainly receive 
careful application. Professor Carpenter suggests 4, 5 and 6 
ft. per second, respectively, as the air velocity for first, second 
and third floors. J. P. Bird, in The Metal Worker of Decem- 
ber 16, 1905, used 280, 400 and 500 ft. per minute, which is 
approximately 4.5, 6.5 and 8 ft. per second under like condi- 
tions. From the basis of the net register (figured at 3.5 ft. per 
second) the two quotations above give stack values approxi- 
mately as follows: First floor, 80 to 88 per cent. of the net 
register ; second floor, 55 to 70 per cent, and the third floor, 44 
to 60 per cent. In any case, the formula for the area of the 
stack is developed in the same way as the net register by sub- 
stituting the approved air velocity in the place of 3.5. 

25. The air velocity in the stack is based upon the formula 
V = V2gh, where h = (effective height of stack) x 
(t — t') + (460+ #). V is in feet per second; ¢ is the tem- 
perature of the stack air and ¢ is the temperature of the room 
air. The calculated results from this formula are much higher 
than obtain in practice because of the shape of cross sections 
of the stack, the friction of its sides and the abrupt turns in it. 
Stack areas may be safely taken as follows: 


First floor, S. A. (sq. in.) 0.007 H 
Second floor, S. A. (sq. in.) 0.006 H}........ (11) 
Third floor, S. A. (sq. in.) 0.005 H 


Ccgsemeens 


26. Good-sized stacks are always advisable, but because of 
the limited space between the studding it becomes necessary 
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at times to put in a stack that is too small for the room or to in- 
crease the thickness of the wall. Most second-floor stacks are 
too small to heat the rooms properly. The shape is also against 
maximum efficiency. Round sections are best, but these are dif- 
ficult to place. Deep rectangular sections, such as 5% inches 
by 13% inches, work well; but the shallow sections that fit in 
a 4-inch studded wall should be applied to. only the smallest 
rooms. 

27. Results from different installations show that there is a 
variation in the practice of proportioning stacks, as commonly 
installed, of 50 per cent. or more. This is not so noticeable in 
the first-floor rooms when stacks are used as it is in those of the 
second floor. Some of this difference is no doubt due to the 
fact that the thickness of the walls has been previously deter- 
mined by the architect, and since the heating system was prob- 
ably a secondary consideration, no party would take the initia- 
tive in changing the sizes. In many cases, too, the owner is 
indifferent or possibly advocates small stacks because of the use 
to which the room is to be put, i.e., less heat for sleeping rooms, 
etc., etc. A good rule, and an old one, is to heat every room as 
though it were to be a living room in the coldest weather, and 
then let the owner regulate to suit his needs, even to a complete 
closure of the duct. Where thin partition walls are put in, say, 
4-inch studding set 16-inch centres, and not enough space is al- 
lowed for a single stack, two stacks may be put in. This is some- 
what more expensive, but it is very satisfactory, since it gives a 
better distribution of heat in the room, and when all the heat is 
not needed, as in mild weather, one line may be shut off entirely. 
A better way is for the architect to anticipate this state of affairs 
and specify walls of sufficient size. The ideal conditions will be 
reached when the architect actually provides air shafts of suffi- 
cient size to accommodate either a round or a nearly square 
stack. When this time comes, a great many of the furnace-heat- 
ing difficulties will have been solved. This point has many times 
been well shown where furnace systems have been installed in 
old houses. Large rectangular shafts or stacks were run up the 
corners of first-floor rooms to reach second-floor rooms. These 
second-floor rooms always had heat to spare. Stacks placed in 
this way and finished over to suit the finish of the rooms are not 
very unsightly; and how much better, still, were they planned by 
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the architect and properly enclosed so as to harmonize in the gen- 
eral layout of the room! 

28. All stacks should be located in inside or partition walls 
and, if possible, should look toward an outside or cold side of the 
rooms. This protects the air current from excessive loss of heat, 
as would be the case in an outside wall. It also provides more 
uniform distribution of air. Two rooms should not be taken 
from the same stack, but two stacks may run to the same room 
and may be taken from the same leader. 

29. VENT REGISTERS AND STACKS.—It is well to install vent 
registers and stacks in the inner walls leading to a general vent 
in the attic. If all the air were to pass out of the vent register 
at the same velocity as it entered through the heat register, the 
area of the vent register would be to the area of the heat register 
as the ratio of the absolute temperatures of the leaving and en- 
tering air. With ¢’ = 70 and t = 130, we have theoretically 


Net vent register = (530 —- 590 = 0.9) net heat register. 


As a matter of fact, however, some of the air leaves through 
other openings, and the vent registers need not be so large. The 
following will be found satisfactory : 


Area vent register = 0.8 area heat register........ (12) 
also, 


Area vent stack = 0.8 area heat stack............. (13) 


30. LEADER PipEs.—Since all the air that passes through the 
stacks must pass through the leader pipes, it would at first seem 
reasonable to assume that the areas of the two would be equal. 
It must be remembered, however, that the stacks, because of their 
vertical position, have less friction than the nearly horizontal 
leader pipes, and will consequently retard the air less. There 
will also be some loss of heat in the air as it passes through 
the leader pipes, consequently, the volume of air entering the 
leader from the furnace will be greater than that going up the 
stack. It would be well from the above reasons to make, 


Area of leader pipe = (1.1 to 1.2) stack area..... (14) 


the exact figures to depend upon the length and inclination of 
the leader and the selection of the diameter of the pipe. All 
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leaders should be round and should be free from unnecessary 
turns. They should be given a good upward pitch toward the 
stack, and should be covered to avoid heat loss and to provide 
safety to the plant. The connection between the leader and the 
stack should be by a long radius bend, and should not head into 
the stack at right angles. 

31. Cotp Air Duct.—The area of the cold air duct is de- 
termined largely by experience, as in the case of the vent register. 
It may be, 


Area cold air duct = 0.8 total area of leaders..... (15) 


32. Assume the average velocity of the air in the leaders to 
be 6 feet per second, and the area of the cold air duct to be as 
shown above, then if the air in each were of the same .tempera- 
ture, the velocity in the cold air duct would be 6 + 0.8 = 7.5 
feet per second, but since the temperatures are different, the 
velocities will be in proportion to the absolute temperatures. 
Hence, it is at o° F., 0.78 X 7.5 = 5.8; at 25° F., 0.82 X 7.5 
= 6.2 and at 50° F., 0.88 X 7.5 = 6.6 feet per second. It is 
seen by this that although the area of the cold air duct is con- 
tracted to 80 per cent. of that of the leaders, yet the velocity in 
all cases is below that of the leaders. 

33. It is always well to have a cold air duct that is large in 
cross sectional area and free from obstructions and sharp turns. 
The air should be taken from a point on the outside as high 
above ground as convenient, and this opening should be vertical 
and well screened. The inside ducts should be tight, and should 
have no drainage water or refuse collecting in it. If an inside 
return circulation be added, both lines may unite near the fur- 
nace, and each line should be valved. If it is decided that there 
never will be a time when all the air Q need be taken from the 
outside, then the area of the cold air duct may be reduced a cer- 
tain amount. This is not a very safe policy, and should be done 
only when conditions seem to demand it. 

34. THE REcIRCULATING Duct AND REGISTER will be pro- 
portioned to the cold air line to suit each individual case. The 
best size, of course, is that of the cold air line. 

35. THE FurNAcE.—A good way to select the furnace size 
is by grate area, and this is estimated from the total heat loss 
from the building, figured on the basis of a certain degree of 
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ventilation. In obtaining the grate area, it is necessary to as- 
sume the quality of the coal, the efficiency of the furnace and the 
pounds of coal burned per hour per square foot of grate. The 
quality of the coal selected would be between 13,000 and 14,000 
B. T. U. per pound, the efficiency of the average furnace is about 
60 per cent., and the coal burned per square foot of grate per 
hour ranges from 3 to 7 pounds. Concerning the last point, 
there may be a wide difference of opinion. Higher temperatures 
in the combustion chamber are conducive to economy, hence to 
reduce the size of the firepot and the combustion chamber and 
firelight, and often would seem to be the ideal way. On the other 
hand, with high temperatures in the combustion chamber, the 
loss up the chimney is increased. Probably the one factor which 
is most effective in settling this point is the inconvenience of fre- 
quent firing. Furnaces are charged from two to four times every 
twenty-four hours. This requires a good-sized firepot and a 
possibility of banking fires. To allow 5 pounds per hour is 
probably as good an average as can be made for most coals in 
furnace work. 

36. APPLICATION.—In our ten-room residence, here shown, 
the heat loss .H on a zero day by formula is, say, 100,000 B. 
T. U. per hour. This will give Q = 90,909 cubic feet per hour 
as a heat carrier. Assuming as a maximum that 10 people will 
be in the house, and that they will need 18,000 cubic feet of 
fresh air per hour for ventilation, this air will carry away ap- 
proximately 22,900 B. T. U. per hour, making a total heat loss 
from the building of 122,900 B. T. U. per hour. Now, if the 
furnace is 60 per cent. efficient, and it burns 5 pounds of 14,000 
B. T. U. coal per hour per square foot of grate, we will have 
the area of the grate = 122,900 & 144 + (0.60 XK 14,000 X 5) 
== 421 square inches. This gives a grate 23.2 inches in diameter. 

37. With coal at 13,000 B. T. U. per pound, the grate 
would be 454 square inches, or 24 inches in diameter. In 
either case, a 24-inch grate would be selected. With the as- 
sumptions as made above, the formula becomes G. A. = 
0.0035 H for the better grade of coal, and G. A. = 0.0037 H 
for the poorer grade of coal, from which the following may be 
taken : 


Grate area in square inches =0.0036 H........ (16) 
This value may be checked with the catalogue rating, which is 
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usually given in capacity of room space the furnace will heat. 
The proposition of selecting a furnace will be much simplified 
when the committee on standards succeeds in lining the manu- 
facturers up to a standard code regarding heating surface, 
grate surface, wind area and the like. 

38. APPLICATION OF THE ABOVE FoRMULAS TO A TEN-ROOM 
RESIDENCE.—In every design the calculations should be made 
complete and tabulated for easy reference and comparison. 
These tabulations then should be kept for future reference. 
The table on page 154 is a complete summary of the calculations 
for the furnace design shown in Plates I, II and III, the heat 
losses H being figured by the “ Carpenter formula.” 


DISCUSSION. 


Professor Carpenter: I have felt for a long time that our sys- 
tems of furnace heating were really more important than the sys- 
tems of steam heating and hot water heating. Where air does 
not have to be carried a long distance horizontally there is no sys- 
tem more certain in its results or more healthful. 

Mr. Chew: I am glad to hear Professor Carpenter say that at 
this time. As the result of facts presented to this Society a gen- 
eral movement is in progress in the United States to uplift the 
furnace heating business, and at the time this movement took 
form in the National League, the question was pointed out that 
the styles of risers used in partition walls more than anything else 
brought this system into disrepute. The people should join with 
them in a movement to get architects and builders to see that suf- 
ficient depth is given to warm air flues to allow an unimpeded 
flow. 

Mr. Seward: In regard to the capacity of hot air furnace being 
determined by the grate area and coal consumption, I think that 
is entirely correct. I call your attention to the fact that in the 
ratings of furnaces adopted by some manufacturers this method 
is used and the rating is expressed in equivalent cubic feet of air 
as determined by the requirements of all the rooms in the build- 
ing to be heated. I believe this method is going to be endorsed 
by other manufacturers. 














vi 
= 
2 
= 
n 
a 
n 
i“) 
Zz 
= 
& 
< 
— 
< 
w 
5) 
= 
Zz 
4 
~ 
_ 
i 
Zz 
& 
n 
w 
a 
wl 
x 
& 
vA 
° 
n 
a 
& 
i) 
Zz 


*peogl10¥s JOU 8] Bare Ja BY) JI BUOP 


aq UBD SIU, ‘s9z19 AuvUT Os Sut[[e}sUL Jo o8uUedxe BIZXO OY} PIOAB puR o[qissod BY YORU BB oZIPIVPUTIS 07 [[9M 9G P[NOM 7] SLOPVI] PUB SYOUIS SNOLIVA dy} Zurjoo]08 UT 


“SOU! SEX BI — soyout vivnbs G9G¢ = jONP Ale plop 


*sayOUT PS = a[doad ua} 10J UOTPRIUAA FurMmoyle ay 











*AANSOdXA PUR JO8O]D IOJ “UA Jad OT MOT|V rd gx 

“W001 0} J980[9 PPY Bw | OLxR 

‘QANSOdXO PUB I@SOTD 4, 4,45 OL os ee | O1X8 
“yaso[9 YNOs ,, SS ” SP rd an) § 
‘ainsodxe J0j “usd ded OT ,, | Gh | SLXOL 
*LOOY PUOIES UO [JOA [[BY PUB IOOY 40) ps PL* SI 
‘aansodxa pus ayeys ‘Aajuud ,, 4, 45 GE 45 09 | SIXsl 
‘einsodxa ,, Te rT) 9 | PLXSL 
*2INSOdXS PUB JASO[I JOJ “JUBD Jed OT eo | @txor 
"1009 P[O9 10j MO[TY L PL XSI 

> <4 

na Mo 

ss] 

OA @° 

‘SMUVKAY ro! “og 

s ® 

i“ ® 

| 

‘H 


“qU9A JN Baly 








jo 1a} 0WIVIG, 

















ms. toon piesesees |eseee|eeereees 008'66 
is | te =| 000°R «| COME OG FL 
OF 9¢ 160°S 009°S I 8G 
wy | 99 000°9 009°9 I 8% rip 
v 86 #86 | O86 | T QE pceeteeeeeess 
uw | 6 «=o FPS‘S «| «OOF'G Si a “87 gaquiego 
oor OFL | 2eL‘sr | OOO'RT = | HOT 63 "T18y_ WoNdasay 
GR | GIL | Sts'Or | OOBIE |S | ae | | 8 Sean col} 
6 | ET CHOSE | OSS'SI  & | | & keg 
LL | | 801 | 8I8°6 | COROT | & 8 | | 8 |° *** woos Fug 
oor | OFE | LUST | OOO'FT |S Oe Re FF ieee “moor Jag 
| ‘Suet eg a 
ei oe | ae 1 |elpel | 
£ | #3 ee ze | = | & | 
| Om | 
S | ro ei : z ~% i ‘w] | a i) ‘KOOY 
S | = | | | 
>» i * ice] | @ | 
oe | le | 
B e | | > | 
+t 
“yuzo’'0+— ++) } ejnun0g 
M 
“A TAVA 














XLIM 


NOTES ON THE DESIGN OF FURNACE HEATING SYSTEMS. 155 





SRE - —_—_—_—- —— 27— 6" - -- 
24-642" oe P 24h04 2° 


2— 13° 








| 
“© EXCAVATED. EXCAVATED. 





— 12° 


Exca VATED. 













EAcavaTeD. 
IBX32 







* 





EXCAVATED.. 





Nor Excavatep 













| 
is’ oF er —4— “ > 


—— 9 

















FOUNDATION PLAN 
Seate Yer, 
CEILING” 6 


Piate I, 





ce ee ee er 


— on as 


Se A 








NOTES ON THE DESIGN OF FURNACE HEATING SYSTEMS. 








G Room., 




















First fioork Pian 
Scale X=", 
CEILING /0° 





Pirate II. 








NOTES ON THE DESIGN OF FURNACE HEATING SYSTEMS. 157 


CHAMBER. 3 
a BOY 


CHAnpER.. a 


1315-7" 











| —— SECOND FicoR. PLAN —— 


Seale. =". 


CEILING 7° 


PiaTE III. 











XUM 


CC. 


THE EFFECT OF WIND ON HEATING AND 
VENTILATING. 


BY H. W. WHITTEN, 


(Associate Member of the Society.) 


For some years the writer has been a close observer of the 
action of wind on modern types of buildings as affecting heat- 
ing and ventilating. The problem confronting the engineer 
in modern heating is to provide sufficient heat and air change 
in any weather condition liable to occur. It is clear that if 
there are conditions in the building that are liable to be greatly 
affected by wind variation, that he must estimate their effect 
on the interior of the building. The most vulnerable places 
for the wind to exert its varying influence are the windows. 
These are usually made of the sliding type, and, in order to be 
readily movable in all seasons, must have at least 1/16 inch clear- 
ance all round. This clearance is usually greater. The inward 
or outward movement of air through these crevices is prac- 
tically unimpeded and is nearly proportionate to outside con- 
ditions. Tests made with a fan forcing air against a sash show 
that a pressure equal to a wind movement of fifteen miles per 
hour will force about 185 cubic feet of air through one lineal 
foot of sash crevice 1/16 inch in width in one hour. Tests 
taken on sash in the open show that an average of 146 cubic 
feet per lineal foot per hour comes through the same space 
when an actual wind of fifteen miles per hour prevails. 

The effect of this air leakage was tested on a steam radiator, 
but because of the variation of interior conditions of the radia- 
tor due to the fact that the pressure varied at times, that the 
steam was sometimes wet and at other times dry, and that 
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more or less air mixed with the circulation, an electric radiator 
was substituted. The heat from this radiator was fairly con- 
stant and could be readily checked. The action of air leakage 
on this radiator was readily apparent. A testing house was 
constructed, in which the walls were practically proof against 
heat loss. A window was placed in one side, which could 
easily be replaced by others of different clearance or with ones 
provided with wind-stopping devices. This house could be 
rotated so as to face prevailing winds. 

These wind velocities and outside temperatures were re- 
corded, also the time required to raise the interior tempera- 
ture by means of the electric radiator a certain number of 
degrees. The current being shut off, time observed during 
which the temperature fell to starting point. This operation 
was repeated until the walls practically ceased to absorb heat. 
The sash was then changed for others of different clearance, 
which were subjected to the same test. Sash with insulating 
devices were also tested. These tests conclusively demon- 
strated that the average ratio of heat loss by leakage as the 
wind increased was, in the case of a sash with 1/16 inch clear- 
ance, 25 per cent. per mile, or for four miles increase in wind 
velocity the leakage heat loss increased 100 per cent. In the 
case of the insulated sash the leakage heat loss increased at 
the average rate of 5 per cent. per mile of wind movement. 

The actual comparative leakage heat loss between a sash 
with 1/16-inch clearance and the insulated sash, with a differ- 
ence of 44 degrees of temperature during a 15-mile wind, was 
as 5 to1. The comparative cubic leakage being as 9 to I. 

The average wind movement in localities where heating is 
important is about thirteen miles per hour during the heating 
season. 

Increasing velocity of wind tended to decrease the rate of 
progression of loss and leakage, presumably because the pres- 
sure of the wind held the sash more tightly against the stops 
while its effect on the glass itself continued. It was evident 
from the investigations thus far pursued that, if windows were 
properly insulated, the radiation calculated against this heat 
loss from inleakage could be practically eliminated, and the 
writer has followed this practice successfully on the basis of 
the prevention of inleakage. In further looking into this sub- 
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ject, however, another and still more important phase of the 
effect of wind has appeared. 

In order to test quickly the wind leakage in various build- 
ings, particularly those where a dispute as to the efficacy of 
the apparatus occurred, an instrument was designed for the 
purpose of measuring leakage through any section of window 
joint, taking in about two lineal feet. The accompanying cut 




















shows its construction. A 4-inch anemometer placed in the 
nozzle showed the air movement. Very many tests have been 
taken with this instrument, and have shown uniformly that 
the outflow from window crevices on the leeward sides of 
buildings exceeds the inflow from the windward sides. Espe- 
cially is this true in the case of buildings heated by the indirect 
method with forced circulation. The expanded warmed air in 
the rooms on the windward sides of the building exerts a repel- 
ling force against inleakage, and is sufficient to overcome that 
caused by moderate winds of three to four miles per hour. 
Above this velocity inleakage occurs, increasing with the outer 
wind movement. This inleakage is met by the warmed air 
inflow, mainly in the upper portion of the room, and mixes 
with it to some degree. The greater portion falls by natural 
gravity to the floor and causes cold currents rising in spurts 

















THE EFFECT OF WIND ON HEATING AND VENTILATING. 161 


wherever it meets a warm human body,..but the bulk of it is 
added to the vent flow. It has in the meantime upset the cal- 
culated circulation from the inlet to the vent. In cases of this 
kind the thermometer will frequently register 70 degrees on 
the wall and 58 degrees on the floor. Direct radiation placed 
under the windows is a frequent makeshift to remedy this situa- 
tion. The conditions on the leeward sides are- worse from 
either a heating or ventilating standpoint. 

Not being opposed by wind pressure, the expanded air will 
escape by its most natural channel, i.e. the window crevice. 
It is usually introduced near the upper part of the room, and 
is expected to escape by means of the vent near the floor. Ex- 
periments have shown that the addition to the flow of the 
vent on the windward side from inleakage is much less than 
the subtraction from the flow of the vent on the leeward side 
caused by outleakage. In these cases the rooms were parti- 
tioned and a hall intervened. 

The action of the wind blowing around and over the build- 
ing is the undoubted cause of this acceleration of the outleak- 
age. As it sweeps by, an area of low pressure is formed in 
the lee of the sheltered side. This area exerts a siphonic action 
on every crevice in the sheltered side of the building, and is a 
continuous air pump on the interior supply of heat units. As 
most of these crevices are above the normal breathing level, 
the loss from them is absolute. In a school building, recently 
examined by the writer in Pittsburgh, it was found that the 
aggregate free opening around 150 windows averaging four 
feet 6 inches in width by 7 feet in height was approximately 
46 square feet, or about 44 square inches per window. The 
required 30 cubic feet of air per minute, even when supplied 
at a temperature of 120 degrees, failed to warm this building 
during moderate winter weather. 

The results of a series of tests taken recently in the tower 
of the Public Building, Philadelphia, are as follows: Average 
outside temperature, 38 degrees. Inside temperature, 70 
degrees. ? 

Instrument shown in cut used with an anemometer 4 inches 
in diameter. Average sash clearance 1/16 inch. 

Lineal inches of crevice covered by the instrument 24. 
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to retard the inleakage. Contrariwise, it would tend to ac- 


of the building. 


sults, the formula published by Prof. John R. Allen. This for- 
mula is as follows 
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A comparison of these figures shows that the average out- 
leakage is from 15 to 20 per cent. greater than the inleakage. 
I have found that the average rate of inleakage in many 
buildings tested was about Io per cent. less than that shown 
in the testing-house experiments and that the rate of outleak- 
age was about Io per cent. greater. 

This is probably due to the fact that the cubic contents of 
the testing house (about 78 cubic feet), as compared with the 
lineal feet of window crevice in it (14 feet), was less than aver- 
age room conditions. A room with 16 feet exposed wall, 12 
feet deep, with two windows 6 feet high by 3 feet wide, would 
be nearly typical. Such a room would contain 1,920 cubic feet 
and have 42 lineal feet of window crevice. In the testing house 
the proportion of window crevice to cubic contents is I to 55. 
In the typical room mentioned it is approximately I to 46. 
The effect of this greater volume of expanded air would be 


celerate the outleakage, which is also influenced by the suction 
from the area of low pressure existing on the sheltered sides 


The writer had, previous to these tests, used, with good re- 


(~ + G) dn 


W = square feet exposed wall. 

G = square feet glass surface. 

d = difference between inside and outside temperature. 
n = leakage and wall filtration. 
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In this formula n = 1.5 to 2, according to conditions of wall 
construction, fitting of windows, etc. 

With windows properly insulated, this formula may be modi- 
fied as follows: 


(~a n) +(G d n,) in which Nn, = 1.1. 


This formula, while to some degree empirical, is more logical 
than any now in use which contain a variable factor for leakage. 
With window insulation the interior condition becomes stable 
and the maximum loss in any wind known. Artificial circula- 
tion is not interfered with or upset, and the control of inward 
or outward currents is established. 


DISCUSSION. 


Mr. Kinealy: I would like Mr. Whitten to tell us how many 
cubic feet of air will leak per lineal foot per hour. If we know 
that, and we assume the temperature outside is zero and the 
temperature inside 70 degrees, we can at once calculate how 
many heat units will have to be supplied to compensate for that 
leakage. When we can do that we are in a position to calcu- 
late exactly the loss. : 

Mr. Donnelly: I wish to take exceptions to what Professor 
Kinealy has said. As to leakage through brick walls, if any of 
the gentlemen with us have had an opportunity to test that I 
would like to have some figures on it. If you take about ten 
feet of surface of ordinary brick wall you will find considerable 
leakage from wind pressure right through the brick work, 
through the bricks themselves. I do not think any brick tests 
have been made. In addition to the leakage through the cracks 
of window casings and window construction we have this 
other leakage which comes directly through the walls of the 
buildings, and as there is a great deal larger number of square 
feet of walls than windows, the loss of air through the walls 
will: amount to fully as much as through the crevices of the win- 
dows. 

Mr. Whitten: I will say for the benefit of Professor Kinealy 
that a series of tests were conducted in Detroit about a year and 
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a half ago under the supervision of some noted engineers, in- 
cluding Professor Allen, these tests being made where the air 
was forced against various sashes with various clearances. That 
was embodied in an article written by B. S. Harrison, and pub- 
lished in the Heating and Ventilating Magazine in November, 
1907, and another written by myself the following month of 
1907, and was distributed to the members of the Society. I 
think that in my paper I state that an average of 146 cubic feet 
per hour per foot of sash joint will come through providing 
the air has some means of egress after it gets in, a. foot of sash 
joint being 1/16 in. wide. The result of the building tests shows 
185 cubic feet, and the difference is undoubtedly due to the re- 
coil or splash effect of the wind in striking an obstruction. 

President Mackay: Have you any data on the question raised 
by Mr. Donnelly on the filtration of air through walls? 

Mr. Whitten: I haven’t anything that would be definite. 

Professor Kinealy: Nearly ten years ago, I think, I did some 
work for the Metal Worker, and as a result of the experiments 
that I made on the leakage of air through windows I devised 
a formula which was published by them in their journal. As 
I understand, Mr. Whitten says that for every lineal foot of 
sash crack we may expect about 146 cubic feet of air to leak 
through per hour. Now 146 cubic feet of air will require about 
3 heat units to raise its temperature one degree, that is, one 
heat unit will raise 50 to 55 cubic feet of air one degree, and to 
raise the temperature of this air from zero—assuming it enters 
the room at zero—to 70 will take 70 times 3, or something like 
210 heat units. As the result of my investigation I said that 
we must, for the average window to compensate for leakage, 
have one-fifth square foot of direct radiation surface for every 
lineal foot of window crack. That is less than Mr. Whitten 
gives. 

Then I devised a formula in this way: It is not always pos- 
sible to determine the exact number of lineal feet of crack sur- 
face, but windows are so shaped that the lineal feet of crack sur- 
face is very nearly equal to five times the square root of the 
area of the window. A window 3 ft. wiae and 8 ft. high will 
have two cracks each 8 ft. long and 3 cracks each 3 ft. long, 
making altogether 25 lineal feet. The area of this window is 
3 x 8, or 24 square feet, and the square root of 24 is nearly 
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5, so that we have pretty nearly five times the square root of 
the area. On that basis I figured a rule something like this: 


Radiation for window = /s 
s is the area of the window in square feet. 


In old buildings I added about 50 per cent., sometimes 10 and 
sometimes 25. 

President Mackay: That certainly is valuable information. 

A Member: Is that the area for one window or the area for 
total glass? 

Professor Kinealy: Each window considered separate by it- 
self. That means this: One window having an area of 24 
square feet would require 5 square feet of ordinary radiation 
surface for leakage. Two windows having an area each of 
24 square feet would require 10 square feet for leakage. One 
window having an area of 48 square feet would require only 7 
square feet for leakage. That is why it is that hot houses 
where you have a large amount of glass surface will not lose 
as much heat per unit of area of glass as windows. It is very 
common to figure glass surface in hot houses at a smaller rate 
of transmission than you figure windows. That is due entirely- 
to leakage in the windows from cracks. In estimating the re- 
quirements to heat a room we should take into account each 
window by itself. Figure out each window and multiply the 
result by the number of windows of that particular size. That 
rule was published in the Metal Worker eight or ten years ago. 

Mr. Munroe: The subject at hand is one which Mr. Whitten 
has given considerable thought and attention to, and is deserv- 
ing of our careful consideration. It applies particularly to 
apartment houses, residences, and hotels.- It is not so serious, 
however, when we consider the facts. And, again, it is some- 
what in opposition to the subject that was discussed thor- 
oughly this morning; viz., ventilation of factories and school 
buildings. Air leakage is an advantage where a number of 
people occupy a room, as in the case of a factory or school 
building, provided there has not been a ventilating system in- 
stalled. I know from experience with a particular apartment 
house in Baltimore City where due appreciation of air leakage 
had been taken cognizance of at the time the design was made. 
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In this building, after the windows were weather stripped, 
quite a few of the radiators were subsequently removed, and 
the apartments were never cold. I refer to this subject because 
we have drafted a resolution recommending ventilation in 
buildings occupied by a number of people through necessity or 
preference, such as theatres and factories. I recall the fact that 
in times past our forefathers got along with little or no arti- 
ficial ventilation because of the fact that the air leakage in old 
buildings was much greater than those constructed in the pres- 
ent day. Ventilation is necessary, but ventilation coming from 
air leakage is not always the right kind. It is probable that if 
due means be taken to prevent this air leakage it will save Io 
to 15 per cent. of the first cost of the installation to our cus- 
tomers. It is also essential that ventilation should be intro- 
duced in all public buildings through proper means or by accele- 
rated ventilation, as this is the only way to effectually control 
the amount of fresh air to be admitted into a given space. 

Mr. Whitten: I would like to ask Professor Kinealy if he has 
ever taken note of the heat loss from the syphonic action exerted 
by moving outside winds on sheltered sides of buildings. 

Professor Kinealy: You mean the air being drawn out? 

Mr. Whitten: The air being drawn out by a partial vacuum 
caused by the movement of the outside wind. 

Professor Kinealy: Yes; I have made some measurements; 
but they were unsatisfactory. The anemometer I used was 
such that I could not very well measure air being drawn from 
the inside to the outside unless I stood on the outside of the 
building, and that I did not want to do. I measured, however, 
the inflow, but not nearly in so accurate a manner as you have, 
and my results were not as satisfactory as I would like to have 
had them. 

In regard to filtration of air through the walls there are very 
few data to be had on that. The filtration of air through an 
unplastered brick wall is very great. The filtration through 
lath and plaster is very great. Any one can notice the ceiling 
of an ordinary plastered room and can see white and dark 
marks showing the lath. The air filters through between the 
lath and makes a dark spot. This filtration does not take place 
nearly so much if the surface of the plaster or brick wall is 
painted or even if the wall is papered. A coating of paper on the 
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inside of a plastered wall reduces the filtration of air through 
that wall to almost nothing. It is very rarely that you can see 
the white and black marks on a papered ceiling, but you can 
always see them on an unpapered plastered ceiling, provided the 
plaster has not been painted. That shows clearly there is no 
filtration of air through it. Wherever air filters through dirt 
and dust is deposited exactly as it would be on a filter. 

There is one man who made some experiments and who 
gives the formula for estimating it. I haven’t got the formula 
and have forgotten the man’s name. The work, however, is 
published in some German pocketbook for heating and ven- 
tilating. 

Mr. Barwick: Mr. Whitten’s paper speaks of the loss of the 
amount of air that passes through windows. It is a very hard 
matter to settle a thing of that kind unless you know certain 
conditions. If you know those conditions you can figure for 
them. . 

A few months ago I checked up a good many plants and 
found in some cases that they would work all right under 
certain conditions, and would not work under other condi- 
tions. For instance, take a building with the temperature at 
85 degrees to-day and the temperature outside probably 35, 
would that building heat to 70 degrees in zero weather? 
That is difficult to say, because we do not know the exact 
conditions. The wind may be blowing five miles per hour to- 
day and to-morrow fifteen, twenty or twenty-five. If you 
consider that we have 1/16 of an inch place around all sash 
(and that is the usual custom) in new work, when it has shrunk 
there is an entirely different condition. 

In a building that I had'in charge some years ago I put in 
a very large amount of radiation, and swore it would heat that 
building, and yet I could not bring that building up to over 
60 degrees. The reason was the windows leaked so much, 
and there was so much leakage around the studding and other 
parts of the building it was utterly impossible to heat it. 

If we are to fix a standard we must fix it on the basis that 
the building shall be well constructed, for that is the only basis 
on which we can fix any data of that kind. 

Mr. Barwick: I have had considerable thought in reference 
to leakage of windows, but have never been able to get down 
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to the actual facts. Leakage, of course,:is the greatest thing 
we have to contend with, and have to take notice of a great 
many figures that are being given us by experimenters such 
as Peclét and others; and those who have checked up those 
things find they compare very favorably. Take Professor 
Carpenter, for example, who made some tests on the loss of 
heat in certain classes of building construction, and also 
through glass and other things. Leakage through windows 
is a subject that has been brought up a number of times. 
The first paper giving data that came out on that subject was 
written by Mr. Harrison. Mr. Whitten elaborated on that 
and brought out after a series of tests just exactly the amount 
of leakage through a window of ordinary construction. 
There are two conditions in window construction with which 
we are troubled. One is the infiltration and the other the 
outgo. It is therefore necessary in an ordinary room in which 
there are only one or two windows to take the upper and 
lower sash entirely separate. Many years ago it was stated 
a window would leak eight cubic feet of air per hour. That 
was stated by one of our oldest investigators in heating and 
ventilation. If you take it on that basis of eight cubic feet 
you will have a very small amount of air to take care of, but 
if you take the wind blowing at twenty-five or thirty or thirty- 
five miles per hour you come to an entirely different condition. 
That is the reason why furnace jobs do not work perfectly and 
satisfactory. It is not always the walls that are badly con- 
structed, because a great many of our buildings are sheathed 
on the outside by a fairly good system. Our greatest trouble 
has been leakage through windows more than anything else. 
That is the reason why all the investigators along this line 
who are trying to form some basis by which they could test heat- 
ing apparatus in the building have fallen down. Now if we 
put the motion to our committee that they shall investigate 


‘that matter, and get at the facts, it is up to them to get from 


our members and from anybody throughout the United States 
wherever they can get it, as many data on that subject as 
possible and try to make some tests. If everybody who is 
allied with our interests will endeavor to give us some evi- 
dence of what they have done, what they can do and what they 
do do, we will arrive at a standard which we can put before 
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them, so that they can go to a man and say: “ This room is 
heated at such and such a temperature, and the temperature 
outside is so and so.” We have fulfilled our contract accord- 
ing to the standard adopted by the Society of Heating and 
Ventilating Engineers. 

Mr. Badger: What Mr. Barwick has stated appears to be 
my experience to a great extent. I do not wonder that Pro- 
fessor Kinealy says he is in the same position he occupied 
years ago when he was appointed on this Committee, and 
that it is a difficult problem to solve. The question has arisen 
in my mind how tests can be made so as to arrive at a proper 
basis. The varying conditions of a building are such that it 
requires a number of tests before you can arrive at a scale 
which can be relied upon. I suggest the following: Test a 
building at zero weather under a wind pressure of ten or fif- 
teen miles per hour, and get the conditions existing in that 
case. Then make tests at freezing outside, with a similar 
wind pressure. It takes time, of course, to find those condi- 
tions to make such tests, but with those two tests, it might be 
possible to arrive at a scale that would be safe. I have in 
mind one building in my experience where I tested it at 8 
degrees above zero on the outside, with some forty-one cubic 
feet of air per person per minute, being supplied to the rooms, 
the average temperature of the air entering being 125 de- 
grees, and I could not get a temperature of more than 60 to 
64 degrees in the occupied portion of the rooms. The leak- 
age due to the excessive glass surface together with the wind 
pressure existing at that time was the reason for it. I recom- 
mended to the Board that they put on double windows which 
they did, and I tested that building under similar conditions 
a little later, and found that at about 95 degrees I could main- 
tain 70 in the rooms under proper management of the plant. 
If these tests can be made, I think it is possible to obtain re- 
sults which would certainly facilitate our work. 
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TOPICAL DISCUSSIONS. 


TOPIC NO. 3. 


“ Air-cooling by Air-washers.” 


DISCUSSION. 


Mr. Braemer: During the last few years the air-washer has 
taken a prominent place as an air-purifier in all modern fan 
systems of heating and ventilation, and to-day no plant of this 
type is considered complete without it. But the air-washer has 
been found useful for other purposes than mere air-cleansing, 


and it is now commonly used also for humidification, air-cool- 
ing and de-humidification. As is always the case with appara- 
tus that is comparatively new in the field, some manufacturers 
of air-washers have made broad general claims for results ob- 
tained by their specific apparatus, which could only be fulfilled 
under given specific conditions and as the heating engineers 
and architects so far have had comparatively little opportunity 
for securing reliable information on the subject, depending al- 
most entirely upon information furnished by manufacturers’ 
representatives, who, in most cases, had but little information 
on the subject themselves, numerous guarantees have been ex- 
acted in air-washer specifications, impossible to fulfil except 
under given conditions, which, however, were not mentioned. 

Perhaps one of the features least known about and most 
abused is air-cooling by means of an air-washer. Claims by 
some manufacturers have been ‘made to the effect that their par- 
ticular air-washer would cool the air to within six degrees of 
the temperature of the spray water, others have claimed to cool 
within four degrees; again others claimed still better results, 
and all of these guarantees could readily be fulfilled under given 
condition and under that condition only. 
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It must be understood that the amount‘ of cooling which can 
be accomplished by an air-washer depends upon four distinct 
points: First. Temperature of outside air. Second. Relative 
humidity of outside air. Third. Temperature of spray water 
used. Fourth. Efficiency of contact between the air and the 
spray water, and this again depends entirely upon the specific 
construction of the apparatus used. 

As has been mentioned before the Society at previous meet- 
ings, air cooling by the air-washer takes place largely through 
evaporation, and it follows therefore that when the relative hu- 
midity of the outside air is high, comparatively little evapora- 
tion can take place, and therefore comparatively little cooling. 
Some manufacturers claim that automatic humidity control can 
be accomplished by their air-washer without the use of special 
devices, but it is evident that as the final humidity condition of 
the air depends principally upon the dry and wet bulb tempera- 
tures of the initial air and the temperature of the spray water 
used, and fluctuates with the variation in these temperatures, 
special devices and instruments will be required to secure au- 
tomatic control. 

De-humidification may be accomplished by an air-washer, by 
which is meant that moisture may be condensed from the air 
entering the apparatus, the absolute humidity of the air leaving 
the air-washer being less than that of the entering air, but in 
order to accomplish this the temperature of the spray water 
must be below the dew point temperature of the entering air, 
and the difference in temperature necessary between the dew 
point of initial air and spray water to effect a given amount of 
condensation will in a measure depend upon the efficiency of 
contact between the air and the water in the apparatus used. 

Humidification, air-cooling and de-humidification by means 
of an air-washer present at times some nice engineering prob- 
lems which cannot be solved without an intimate knowledge of 
the subject on the part of the designing engineer, and as to my 
knowledge but very little literature exists on the subject, re- 
liable information can only be obtained from actual tests. 

Mr. Weinshank: I believe that the washing of air and the 
cooling of the same are two separate and distinct problems. 
When a manufacturer or contractor who installs an air washer 
claims that he would wash the air and at the same time cool 
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it, it is my opinion that he is making an assertion to which 
he cannot live up to unless he states that the air washer is 
equipped with a separate and distinct cooling apparatus. An 
air washer is doing well if it washes and purifies the air. 

This Society has had enough experience, and received 
enough information that it is.in a position to create a standard 
the same as boilers, radiators, etc., and in writing specifica- 
tions for an air washer we are in a position to state or require 
just what the air washer is to accomplish, but our experience 
tells us that when the question of cooling is involved that same 
must be treated separately. 

President Mackay: It seems to me it is time this Society 
should consider this problem and refer it to the Committee 
on Tests. It is important. 

Mr. Weinshank: I move that this question of air washing 
be referred to the Committee on Tests. 

Mr. Chew: Are we ready to do that? We have a com- 
mittee to collect data for air washers. Have the incoming 
President appoint a new committee if necessary. I want to 
say again the Committees on Tests and on Standards have for 
several years been the graveyard for some of the good things 
brought before this Society, and I am emphatically opposed 
to sending matters to that graveyard when you have a com- 
mittee which has shown active life in the excellent reports it 
has presented. I| hope a lot of members will follow me in 
opposing the motion by Mr. Weinshank that this be referred 
to the Committee on Tests. I think if you will leave the 
matter to the present committee it will attend to its duties. 
I think more benefit will come by having the work separated 
among a lot of people rather than having four or five men do 
it all. 

Secretary Mackay: I am in favor of what Mr. Chew says to 
a certain point, that we should be careful what we put on our 
records as the standard of the Society. 

Mr. Chew: As I understand it the committee has not made 
a report and there isn’t anything to refer. 

Mr. Weinshank: I am afraid Mr. Chew misunderstood my 
motion. My intention was not to discharge the committee on air 
washers or disturb any previous arrangement, but the Committee 
on Tests should make some report or make a series of tests of 
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their own. In fact, I understand some of the air washer 
manufacturers have invited some of the members of the So- 
ciety to conduct a series of tests and have placed apparatus at 
the disposal of the Committee on Tests to procure any in- 
formation they want. Now if the air washer committee is 
in a position to do the work I certainly will withdraw my mo- 
tion, but if the air washer committee is to collect data and 
get information on air washers and not act nor make recom- 
mendations, then the question of air washing should be re- 
ferred to the Committee on Tests. 

Mr. Lewis: I happen to be chairman of the committee on 
air washers, and while we have not been able to put in a report 
at this time, we have had a number of invitations to make tests, 
and have our arrangements ready to make them, but it will 
take us a little time to get organized. 

Secretary Mackay: I am strongly in favor of a committee 
finishing the work it was appointed for on any subject before 
the matter is finally referred. I think there should be final 
action, and that is why I strongly opposed yesterday when a 
committee that was newly appointed, and had only worked 
two or three months and put in no report, that the work 
should be taken out of their hands and referred to the Com- 
mittee on Standards. I do think that the committees on dif- 
ferent subjects should be continued with full power until they 
have completed their report to the Society. I don’t want to 
see the Society appoint a committee, and hamper them in any 
way in the discharge of their duties. 

President Mackay: I want to ask Mr. McCann, who has 
had some opportunities to observe air washers, whether they 
have considered it possible that an apparatus might be intro- 
duced in some of the larger schools. If so, what are his ob- 
servations on the subject of air washers. 

Mr. McCann: In one school we have a modern air washer, 
and while I have not yet had an opportunity to make any 
elaborate tests as. to humidity in connection therewith, there 
has been no complaint of excessive humidity.. I am informed 
that several pailsful of dirt are removed from the air washer 
every week, which shows the value of the washer. Personally 
I would install air washers in every school were funds avail- 
able. 
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TOPIC NO. 4. 


“The Relative Carrying Capacity of Horizontal and Vertical Warm-air 
Pipes.” 


TOPIC NO. 5. 


“The Effect of Shape on Warm-air Risers.” 


DISCUSSION OF TOPICS 4 AND 5. 


Mr. Chew: As I understand it there seems to be what I 
would consider a popular delusion, as to the velocity in the 
vertical pipe used in furnace heating in partitions that has 
been the curse and bane of that system of heating. Some 
seem to believe that even though the area of the partition 
pipe may be only one-third of the area of the horizontal pipe 
it carries away all the air that will flow in the horizontal pipe 
two or three times, notwithstanding the horizontal pipe is cir- 
cular in form, presenting the least friction possible to the flow 
of air through it. A vertical pipe is generally of a depth that 
is one-third of its width, and presents an abnormal amount 
of friction. It is impossible to be sure that the full area is 
available which would be calculated from the dimensions, be- 
cause in applying the plaster over the partitions in which such 
flues are run it is not uncommon for the pressure of the mois- 
ture to force the sides of the flues in. I doubt if with a flue 
4 x 12 inch there would be an area at times of more than 35 to 
36 square inches of area, where the figures say 48. One of the 
members of this Society sent a paper several years ago to the ef- 
fect that the flow was so rapid in the vertical riser that it re- 
quired a much larger pipe in the cellar, and when asked for 
the basis of his conclusions so it could be incorporated in a 
paper and properly come before the Society it was never fur- 
nished. No authoritative information on that subject has 
come to the Society. Professor Hoffman says something in 
his paper to the effect that the vertical flues of the right size 
are not generally used. 

Mr. Snow: I was interested in what Mr. Chew had to say. 
He did not call attention to the fact that 2x 4 inch studs run 
about 2x 3% inches, so that the lath are only .334 inches 
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apart on the inside, and the plaster and the jamb take off a 
quarter of an inch more. That quarter of an inch was the 
only point I wanted to bring out. By furring out on studs 
with the ordinary I x 2 inch furring strips we use in houses 
there is no doubt but what the capacities of the flues are greatly 
increased over what they would be if of the same area, but 
placed between 2 x 4 inch studs. I think the influence of 
furnace men should be along those lines in talking with archi- 
tects and those who have charge of this work. The furnace 
men should insist if possible on 5 inch studding. It has 
taken a good many years to bring furnace heating where it is 
to-day, and, of course, there are a good many of the old 
school engaged in this work, who no doubt would say it is 
hard work to teach an old dog new tricks. The younger 
generation that is coming up I am sure is going ahead on dif- 
ferent lines. There are conditions which detract greatly from 
the efficiency of furnace heating. There are second class 
buildings where furnace heating is a very desirable system to 
use. I think there is no doubt that owing to the ignorance 
with which these systems are installed the system has in some 
sections received a black eye. What the Society has done 
through these committees and.through such papers as Pro- 
fessor Hoffman presented yesterday should be of assistance 
not only to persons engaged in that class of heating, but, tak- 
ing a broader outlook, we should always keep in mind we are 
doing welfare work. We are establishing standards which 
make failures fewer. These have been all too,common in the 
past, due to ignorance of rules and data which are familiar to 
those of us who are members of this Society, and that class 
of information should be disseminated as widely as possible 
through the trade and engineering papers. Furnace heating 
is not obsolete by any means. It has its field and it should 
receive consideration at our hands to secure the best methods 
of installation so far as possible, and to educate the architects, 
as a good many of them are quite lax in their interest in some 
of these things. We can do a good deal of work along that 
line. 

Mr. Lewis: I suggest the use of vitrified sewer tile for hot 
air risers and for horizontal pipes. I have used this tile for 
smoke pipe with satisfactory results and see no reason why 
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it would not make very successful and economical hot air 
risers. 

Mr. Lewis: I would suggest the use of some sewer pipes 
for risers and possibly for horizontal pipes. I have never 
used them for horizontal pipes except for smoke pipes, in 
which they have proven very satisfactory. I see no reason 
why you should not run the stack up. It would cost very 
little more and last longer. 

Mr. Vrooman: I had a case recently, where I set a hot air 
heater and connected it to hot air pipes, previously installed 
in the building by another party. One of these pipes, about 
34% x 11 inches, passed up through the outside wall of the 
frame building with a square turn at the top to a horizontal 
pipe from which a branch was taken at right angles to one 
of the registers; the other register was taken from the top of 
the horizontal pipe beyond the branch. No heat would come 
out of either of these registers. We took the horizontal pipes 
under the floor out, and built them over, making a round turn 
from the vertical to the horizontal, and increasing the hori- 
zontal to 7 x II inches, also made a round turn to the branch 
pipe with a deflector opposite it, and both registers supplied 
plenty of heat. 

Mr. Schaffer: My practice is not to use anything larger 
than a 9g inch horizontal pipe on a 4x12 inch riser. I find 
that is ample in my work. That is the answer to Mr. Chew. 

Mr. Chew: Several years ago R. S. Thompson presented a 
paper on furnace heating, and after we had printed it in the 
Metal Worker I kept the type standing and took off some hun- 
dred copies, and with the permission of the Society read it be- 
fore another national body. The result of the reading of that 


-paper was a conference committee of heating contractors and 


manufacturers, and the result of that was the formation of an- 
other national body for the uplift of furnace heating. I want 
this fact to go on record, go the Society will have it in its 
archives. The uplift which is going on in the United States to- 
day in the interest of furnace heating found its origin in this 
Society as a result of a paper prepared by one of its members. 
We are proud of the fact we have secured ventilation laws in 
different States, and I believe that we can take pride in this 


piece of work. 














XU! 
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There ought to be some authoritative answer presented for 
the benefit of the trade on what Mr. Schaefer has said about 
using nothing larger than a g-inch pipe in connection with a 
4 X 12-inch riser. 

Mr. Austin: I think in some cases it is all right to use an 
eight-inch pipe, and sometimes a larger size. It depends on 
the length of the pipe. Sometimes the pipe comes off from the 
furnace only a few feet and sometimes fifteen feet. The total 
friction is due to the floor to which the air goes, second or third, 
and the size of the horizontal pipe depends on its length to a 
great extent, sometimes 3 feet and sometimes 15 or 20 feet. 
You cannot fix a standard for that. 

Mr. Schaffer: That is correct. I do not use any larger than 
that, and in some cases smaller. 


TOPIC NO. 7. 


“The Necessity for Having Ventilation Laws Applying to the Installation of 
Apparatus in Old as Well as in New Buildings.” 


DISCUSSION. 


Secretary Mackay: In a State where they have a compulsory 
legislation law applying to school buildings, I was called in as 
an expert to determine whether the heating contractor had ful- 
filled his contract. So far as the plans and specifications were 
concerned, he had, but in my report I said: 

“While there is nothing in the proposition or the specification 
that refers to it, there is a law in your State applicable to all 
new school buildings and to all additions on improvements in 
existing buildings which calls for 30 cubic feet of air per minute 
for each pupil in all rooms occupied as school-rooms. 

“Some of your school-rooms have seating capacity for fifty 
scholars, some less, but taking the rooms as averaging forty 
pupils (forty-two was the greatest number present in a single 
room when I was there) you would require 72,000 cubic feet 
of air as necessary for each room per hour. 

“Your present system as placed would, if the outlet registers 
were enlarged and additional heat applied at the base, and the 
vent flues kept heated, give you not to exceed 18,000 cubic feet 
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of air per room or 25 per cent. of the requirements of the state 
law, per hour.” 

A committee of some fifteen members had discovered and 
told me that while the law applied to new buildings it did not 
apply to old buildings. 

I was called in in the same State on another building that 
had originally been heated by two hot air furnaces. There was 
no attempt at ventilation. The heating contractor had been 
asked to put in another furnace, which he did, with no better 
results than that they had an additional capacity for burning 
fuel. The basement was overheated, but there was little or no 
heat in the rooms on account of having no way of extracting 
air. This had gone on for eight or nine years, and they de- 
cided to put in a heating apparatus. I called their attention to 
the necessity of ventilation. They, also, told me that as their 
building had been erected the year previous to the enacting of 
the law they were exempt from it, and that they didn’t have to 
do that. I took the matter up with the State Superintendent of 
education, and he told me that they were right in their conten- 
tion that the law did no apply to it. I wrote him that I felt it 
my duty as a member of the American Society of Heating and 
Ventilating Engineers to bring this matter before this Society. 

My contention is if ventilation is a necessity in a new school 
building, it is more of a necessity in a building that has been 
used for eight to twelve years without any ventilation, and that 
as a Society through the Legislative Committee we should at- 
tempt to have the law which so well applies to new buildings 
extended so as to apply also to buildings that have been erected 
for some time, particularly where they are installing a new 
system of heating and ventilation. 

In some States that matter comes under the Board of Health, 
they having the power to condemn any building that is not, in 
their judgment, in a satisfactory condition for the purposes for 
which it is intended, or the building can be closed until such 
time as changes are made in it that make it satisfactory. 

In one case they spent four or five thousand dollars, and two 
thousand more would have given the six hundred children oc- 
cupying the building ventilation that they are getting in the 
best constructed schools to-day, but this body of men who were 
supposed to be intelligent are allowed to rule that these six 
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hundred children shall have no ventilation, while in the next 
county or State they say it is necessary that the children in 
every school must have ventilation. It is a crying shame that 
we as a Society should allow this to go on. 

Mr. Hall: I am glad of the privilege of meeting with this 
distinguished body of men. I believe the work you are doing 
not only in New York State but throughout the United States 
is one that is to be commended. 

This subject of ventilation of old buildings is one of special 
interest to the State Educational Department of this State. 
Last evening some one remarked the State of Massachusetts is 
doing a wonderful thing in the line of heating and ventilating 
their school buildings, and that New York State was doing 
something along the line of ventilating factories. The progress 
made in regard to school builtlings, in regard to light, heating, 
ventilation, floor space and air space, has been the most re- 
markable progress that has ever been made in any State in the 
past four years. Four years ago a law was enacted which cov- 
ered this point, at least no school building could be erected in 
the State hereafter nor: any addition made to any old building 
where the cost exceeds $500 until the plans and specifications 
are approved by the Board of Education. 

The State Educational Department has emphasized the fact, 
that it is just as essential that old buildings should be heated 
and ventilated as new ones. When it comes to the question of 
approving plans and specifications there is nothing in the law 
which gives that power whatever. We have insisted if plans 
were approved they must meet all the requirements of a new 
building, and it was not necessary for the Board to submit plans 
covering old buildings. 

The State Educational Department is in sympathy with any 
movement relative to new buildings and old buildings. Of 
course the State Department only acts in cities of the third class, 
villages and country districts. Second and third class cities are 
exempt. People of the first and second class have their own 
facilities. 

We are heartily in sympathy with any action of this Society, 
and if the matter is finally referred to the Legislative Committee 
and a bill drafted, I can assure you the Educational Department 
will co6perate with the Legislative Committee to see the bill is 
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passed and will carry out at least some of the phases of the new 
building. , 

Mr. Scollay: I think this question of ventilating existing 
buildings is a very important matter. This Society should con- 
nect itself with any movement looking towards that end. It is 
a fact that there are as many students being educated in old 
buildings without adequate ventilation as are being educated in 
modern buildings. Coming down to my own case, my son has 
been educated in the Adelphi Academy in Brooklyn. It is a 
very old building. The only ventilation it has is by means of a 
few indirect radiators. I have taken the matter up several 
times, but it is impossible to accomplish anything. I think 
there ought to be some movement towards telling the people 
who own these private schools as well as the cities who own 
the public schools to properly veritilate the old buildings. I be- 
lieve that a committee ought to be appointed by this Society 
for advocating improved ventilation of old buildings. It is a 
very important question, and we ought to take some action 
on it. 

Secretary Mackay: I hope some expression, favorable or un- 
favorable, will be given out at this time. I think that purely 
comes under Art. I of our Charter. 

Mr. Lewis: I would like to suggest we have in every State 
a committee on compulsory ventilation. There are only three 
or four States that have compulsory ventilation. Why don’t 
we have a committee in every State. 

Secretary Mackay: Some years ago a committee was ap- 
pointed in every State, and their reports are part of the Pro- 
ceedings of this Society. 


TOPIC NO. 8. 


“ State Control for Heating and Ventilating Engineers.” 


DISCUSSION. 


Secretary Mackay: I am the one whc proposed this topic. I 
thought that as doctors, druggists, veterinary surgeons and 
chiropodists are put under restrictions, that it was possibly right 
for our Society to move in the matter of State control of heat- 
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ing and ventilating engineers, my principal idea being that a 
competent heating and ventilating engineer be protected in his 
specialty, as is done in other professions, and that the incom- 
petent be prevented from bringing discredit on the profession, 
as we probably have all seen it from time to time. That was 
my object in, introducing the topic, and I hope it will be dis- 
cussed and that some action will be taken by the Society which 
will lead to that end. 

Mr. Badger: I am in favor of State control of the heating 
and ventilating engineers, at least to the extent that they should 
be required to pass an examination and secure a license before 
they could use the title. All those who are eligible by tech- 
nical or practical experience could pass this examination and 
secure these licenses. This would not only protect the legiti- 
mate engineer, but would to a great extent impress upon the 
public mind the importance of our profession, and lead those, 
who may be either compelled by law to ventilate, or who may 
be considering this subject, to entrust their work only to such 
men as have the experience and ability. 

No doubt the most of us, if not all, have had much to con- 
tend with in advocating the proper ventilation of buildings. In 
my opinion a law requiring the passing of an examination be- 
fore a license could be secured would help to overcome some, 
of these difficulties. ‘ 

Professor Kinealy: I am opposed to State control. It seems 
to me it would be difficult to establish a standard unless it be 
a standard we have already established in this Society. If you 
have State control you must have some standard. The man 
who applies for his license must be known to some one as a 
man competent to erect, install and design heating and venti- 
lating plants. That means he has to have qualification for 
membership in this Society, so if we have State control we prac- 
tically have to have a law saying in order to practice in the 
State he must be a member of this Society. Isn’t it far better 
for us to make our Society such that the public will know a 
man a member of this Society is fully competent. Let us im- 
press that upon the people and we will need no law. 

Secretary Mackay: If we as a Society can exert influence in 
any section of the country, it will be where we are strongest, 
in such States where our legislative committee can secure 
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recognition. I believe it is the proper thing to do, to help 
uplift the entire profession whether members of our Society 
or not. 

I move the matter be referred to the Committee on Com- 
pulsory Legislation for action. 

Mr. Donnelly: I think what Professor Kinealy has said 
covers a good deal of the question correctly. I think the 
tendency is towards: less law rather than more law. I think 
it would be difficult for this Society to take the initiative. 

The question would arise as to the lines of professional work 
which are now under State or government control. I think 
that would be confronted at once with the question whether 
the mechanical engineer, the civil engineer, the mining engi- 
neer, electrical engineer, and many other men who practice 
one or more of these professions, have to pass an examina- 
tion along those lines. 

Another very serious phase of the question seems to me to 
be the fact that it takes so little for a man to be a thoroughly 
competent heating and ventilating engineer in some particu- 
lar line. That may be the line in which his occupation brings 
him. 

I think we should follow the example of Chicago and have 
local Chapters in every State where we have sufficient mem- 
bers. I think this could be handled better by local Chapters 
than by State control. 

Mr. Kinealy: You have expressed my idea exactly. No 
man could undertake to pose before the public as a mechani- 
cal engineer and undertake the designing, superintending 
and construction of large works, unless he was a member of 
the Society. So, too, I think that no man who does not pos- 
sess the qualifications for membership in this Society could 
pose as a heating and ventilating engineer. I have been careful 
to say “possessed the qualifications.” I do not mean that 
he is necessarily a member. There are many heating and 
ventilating engineers who possess all the qualifications of the 
Society who are not members. The mere fact that a man 
is a member will mean to the public that that man has been 
looked over, his record has been looked into, his qualifications 
studied, and he has been passed upon and voted upon by a 
large number, and not only is he a competent designer, as an 
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engineer, not only has he the technical knowledge, but he has 
been voted on by several hundred men who know he is hon- 
est, reliable and trustworthy. 

_ Mr. Badger: I want to see this Society recognized to the 
extent that the standards it proposes, and what it advocates, 
shall be considered authoritative, and, therefore, worthy of 
consideration above all other Societies, or opinions expressed, 
in connection with heating and ventilating. The principal 
object I have in favoring State control is based upon this 
proposition, but since we cannot compel those who wish to 
follow this profession to become members of our Society, or 
compel those who are considering the ventilation of their 
buildings to employ only engineers who are members of this 
organization, I thought possibly a law could be secured by 
which the title of ‘“‘ Heating and Ventilating Engineer ” could 
not be used except by passing a proper examination required 
by the State. With such a law, the public would attach some 
importance to our title, and a better recognition would un- 
doubtedly be given our Society, and thus better protection 
afforded the reputable engineers. 

Secretary Mackay: Mr. Donnelly says sanitary engineers 

are not under State control. It is impossible in the State 
of New York and many other States for a sanitary engineer to 
design sanitation for a building without having the approval of 
some inspector appointed by the State or local government, and 
it is impossible for that work to be installed except by a licensed 
master plumber. They take life in their hands and the State 
recognizes it. 
+ I know of a case of a man who because of the jealous feel- 
ing in his community is prevented from getting a license as 
a master plumber, and it is impossible for him to practice his 
profession. They have recognized the necessity of super- 
vision over the work of sanitary engineers. I think the ques- 
tion of life and health is as great in the case of the heating 
and ventilating engineer as in the case of the sanitary engi- 
neer. 

I think every member of our Society will agree ‘with me 
when I say there are millions of dollars for heating and ventilat- 
ing apparatus wasted every year by incompetent designing, by 
either incompetent engineers or men who are not heating and 





184 TOPICAL DISCUSSIONS. 


ventilating engineers at all. They are misleading the public, 
are spending the public’s money, and we as a Society should , 
do what we can in connection with that as well as for the 
adoption of proper legislation. We ought to bring it to the 
attention of the public that they require competent heating 
and ventilating engineers. 

Mr. Vrooman: I believe that to take this to the State and 
ask for a law would deteriorate from the profession, and from 
the Society more than if a different course were taken. I 
have in my hand an application for membership in this So- 
ciety. After stating where born, age, etc., it says: “ Educa- 
tion, preparatory and technical schools, degree, date of ap- 
prenticeship, draughting experience, where it was, shop ex- 
perience, and other practical experience.” I think that ex- 
perience counts for a great deal and should be sufficient to 
entitle an applicant to become a member of this Society. I 
at do not know if any of the colleges and technical schools to 
; date have adopted any course whereby they give a degree 
that carries with it the profession of heating and ventilating 





. engineer. 

As to the inspection and the matter of licensing some 
tradesmen to practice, as in the case of a-plumber, he has to 
have his plans inspected and passed upon by the inspector of 
that locality, but first gets his permission to practice by exami- 
nation. As to civil engineers, the degree issued by many of 
the colleges to-day is not C. E. The graduate has to wait 
some years before he can get that, and then has to pass more 
examinations to meet some other requirements. 

I think a law governing the case would be detrimental to 
the Society. I think a better course would be to get the de- 
gree of some school or college which would be of more value 
than State law. , 

Mr. Seward: I think that this Society is recognized a great 
deal more than some of us appreciate. I had occasion re- 
cently in connection with some committee work to write to 
all the colleges in this country relative to data which they had 
in connection with the subject I was investigating. I wrote 
them as a committeeman of this Society, and it was extremely 
gratifying to see the replies of the various professors of en- 
gineering in those colleges. I was amazed at the interest 
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they took in the matter, and the readiness with which they re- 
sponded. I believe the time is coming when the ability of a 
man to say he is a member of this Society is going to be all 
the endorsement he needs as a heating and ventilating engi- 
neer. , 

President Mackay: I think dignity and well-directed senti- 
ment will bring about this condition. One of the weakest 
points in our whole armor is lack of sentiment. The public 
does not know the needs of ventilation. Every movement in 
every State made by our legislative committee has brought 
this out, that they are not alive to the needs of proper ventila- 
tion; they do not know it—the rank and file—and we should, 
every individual, spread the proper sentiment as a member 
of our organization. 

The motion to refer to the Legislative Committee was sec- 
onded and agreed to. 

Mr. Whitten: I want to say that I have had two conversa- 
tions with physical directors, so-called, in two of the largest 
cities of the country. I believe they have some sort of an as- 
sociation, and they are directly interested in this question, and 
that being the case I would suggest to this Society to get in 
some manner in touch with those people who are making a 
study of this matter from standpoints other than our own, 
and I am sure we will get some ideas from them. 

Mr. Badger: The National Educational Association some 
years ago appointed a committee for the purpose of drafting a 
bill to be presented to every legislature on compulsory ven- 
tilation. I do not know how far they have gone in connec- 
tion with that work, but I would like to know if our Society 
‘has codperated to any extent with the National Educational 
Association. I understand that association is composed of 
representative educational men of the United States and is 
a very strong organization. 

President Mackay: I think not as a body. Some of our 
members have. 
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TOPIC NO. II. 


“The Maximum Permissible Length for a Steam Main in a Gravity Appa- 
ratus Operating Under a Pressure not to Exceed Two Pounds 
on One and Two-Pipe Systems.” 


DISCUSSION. 


Mr. Barwick: With reference to that topic, that is a matter 
that is up before our Committee on Tests. I think they have 
examined into it very carefully and have looked over all sorts 
of methods, and a great many of the figures they have got 
amount practically to what we are all doing. 

Mr. Donnelly: Some time ago I had an unusual opportunity 
of observing the drop in pressure in a steam main about 2,600 
feet long. It was a 16-inch pipe supplied with steam, and by 
a thermometer we found the temperature was 214 degrees. 
It ran underground for fully 2,600 feet. It was covered by a 
dark brownish felt, with no pipe covering or other insulating 
material. The drip was taken out from one point only, at the 
extreme end of the 2,600 feet. The condensation was prob- 
ably twelve or fifteen per cent. of the steam carried. The 
temperature at the 2,600 foot point as | remember now was 
208 degrees. The drop in pressure is about one pound and 
a half for the 2,600 feet. 

Mr. Bishop: I had in mind a line supplying about 296,000 
square feet radiation through a 16-inch line. It was about 
6,000 feet long and the drop % of a pound per 1,000 feet. 

Mr. Barwick: I put in an underground plant running 1,000 
feet from the boiler to the building. We were operating un- 
der 50 pounds gauge pressure. In the building we found we 
had a drop of one pound pressure. That is the only drop 
that we found. It may be that the insulation was very good. 
The main was at an average depth of say four feet, although 
in some places it was only two, and in other places it was 
seven, but we only had that amount of drop. 


TOPIC NO. I2. 


“The Relative Area of Wet and Dry Return Mains in a Gravity Steam 
Heating Apparatus.” 


DISCUSSION. 


Mr. Munroe: I must confess I have not prepared anything 
to bring before the Society this afternoon. This table that has 
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been put into my hands was compiled nearly two years ago, at 
which time I gave considerable thought to the subject of size 
of steam and return mains. It was prepared and furnished to 
Domestic Engineering, the substance of four different tables 
that I have revised or completed during the fifteen years I have 
been in business. A table that I have used in my own practice, 
and as far as I knew there was no other authentic information 
on file. It is practically if not theoretically correct. In gravity 
systems this table may be applied as to the small sizes. It is 
not likely that any of us will come up against a proposition 
where, for instance, taking the larger sizes, 20,000 feet of 
radiation will have to be placed on a ten-inch return main. I 
do not think I ever saw a drawing of a gravity system that was 
quite so extensive, or even as to the next size, 11,500 square 
feet. When we design plants of these dimensions we generally 
use one of the vacuum systems where a pump is used. I will 
say in substantiation of my figures, it is a fact that, in the case 
of a wet return, the quantity of water in a long return line is 
so great that if you should maintain the sizes necessary for 
circulation by gravity in a dry return, the heat that is thrown 
off will bring the water back to the boiler at a very low tem- 
perature which is, of course, disadvantageous. Therefore, [ 
make a general reduction in the size of the wet returns for long 
runs over those required for dry returns, which I do not think 
is far from being the correct idea. If there is any good reason 
for not doing this I will only be too delighted to have some 
one correct me and speak freely on the subject. 

Mr. Donnelly: The question was asked about wet and dry 
return mains, and as the discussion was revised afterwards it 
read as follows: 

40 
T+ an. 


r=R 


I will say that this formula was checked up by Mr. Macon 
and published in the Metal Worker, and translated and pub- 
lished in France, the table translated into the metric system. 
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SEMI-ANNUAL MEETING, 1909. 


First DAy—MornInc SESSION. 


Indianapolis, Ind., July 15, 1909. 
The meeting was called to order at 10 A. M. by President 
Snow. 
Secretary Mackay: Before calling the roll I would announce 
the names of the following persons who have been elected to 
membership since the last meeting: 


William E. Austin Member. 
John H. Bacon, Jr 

William A. Baker 

Fred C. Bartley 

James B. Bladon 

David S. Boyden 

Samuel S. Clarke 


George Huey 

Albert W. Kerr 
Max J. Mulhall 
James W. H. Myrick 
Herman W. Nelson 
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Edward Noeris ................+.... Member. 
Herbert E. Raymond 

William Ritchie - 

Geo.. M. Tait 

Melvern F. Thomas 

Geo. O. Titcomb 

Herbert W. Whitten 

John E. Williams 

y SS errr rr. Associate. 
Harry W. Ellis 

Chas. B. Kennedy 

Frank Schreidt 

Harris B. Johnson 

Frank D. Sharp 


The roll was called by the Secretary and announced that a 
quorum was present. 
President Snow then read the following address: 


We have gathered for the summer meeting of the fifteenth 
year of the existence of the American Society of Heating and 
Ventilating Engineers. A striking degree of interest in this 
organization has been manifested of late. On our recent ballot, 
the largest in our history, 27 new members, 2 juniors and 5 asso- 
ciates were elected. One feature that augurs well for our future 
success is the willingness of many of our members to give freely 
of their time to important committee work. This is a real sacri- 
fice made by a few for the benefit of all. 

We have always given freely through the engineering and 
trade press of the fruit of our meetings for the benefit of the 
public. Occasionally the courtesies we have extended have been 
misused. It is not expected that reports of our meetings shall 
be as complete or as accurate as the contents of our proceedings. 
Inaccurate reports reflect anythirig but credit on our Society. 

The value of this Society to its members is to be measured 
not only by what they can extract from it, but by what the mem- 

bers can contribute to it by papers or discussions as well. Care- 
fully prepared papers are a valuable training to the contributors 
of such papers. I hope that our younger members will appreciate 
this, and will bear in mind that it is time that some of our older 
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members who have done so much for us in the past be relieved 
of some of their responsibility for the success of our meetings. 

Papers to be of the greatest value must be in the hands of the 
Publication Committee and the secretary sufficiently in advance 
of the meeting at which they are to be read to permit of their 
being printed and distributed in time to give members an oppor- 
tunity to read, study and prepare a discussion of them. I wish 
to emphasize this, as members have been prone to overlook the 
necessity of submitting their papers well in advance of meetings 
in order that they may be of the greatest value. 

This Society stands for the engineering side of heating and 
ventilation. To be successful it must be kept free from commer- 
cialism. We have our trade organizations. Let it be emphasized, 
then, that this Society is purely for engineering. Let the mem- 
bers come here with a serious purpose to advance its interests, so 
that our standards will be the recognized ones and our aims will 
command public support. Our Society is rapidly gaining in size, 
and I believe in the quality of its membership. Let our aims 
be high, and let us not forget our duty to the public. 

Every year, as we all know, immense sums are wasted through 
faulty installations due to no desire on the part of the contractor 
to take advantage of the ignorance of his customer, but due to 
lack of knowledge of some of the principles of heating and venti- 
lation. Standards are needed for the protection of the layman 
and for the guidance of the contractor. Our committees are at 
work on such standards, and their adoption when perfected will 
add to the usefulness and prestige of our Society. Not only are 
standards needed to secure successful installations so far as ac- 
complishing the desired ends as to heating and ventilation, but 
with higher fuel costs greater attention must be paid to economi- 
cal operation, to a better understanding or the relative advantages 
of different systems and to securing on the part of purchasers 
a better appreciation of the fact that there may be other items 
more important than the first cost which should determine the 
selection of a heating and ventilating apparatus. 

This Society has done much valuable work in securing com- 
pulsory legislation; much more work of this character is needed. 
The sufferers in our workshops are not in a position to take the 
initiative in ameliorating their condition. We owe it to them to 
do all in our power to see to it that the conditions under which 
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they must work are made sanitary. At this time when the public 
is being educated to the fact that fresh air and plenty of it is not 
only a preventive, but a cure for certain diseases, we must do all 
we can to assist in this work. 

We have a Publicity Committee which I believe has a broad 
field of usefulness before it. It will be the function of this com- 
mittee to arrange for the dissemination of knowledge pertaining 
to ventilation. Assistance will be needed from members scat- 
tered throughout the country, and I commend its work to you and 
bespeak for this committee your cordial co-operation. 

It is with deep regret that I mention the death since our an- 
nual meeting of a former vice-president and charter member, 
T. J. Waters of Chicago, one whose work reflected credit on this 
Society and who did much to advance its interests. One of our 
past presidents, John Gormly, has found it necessary on account 
of ill health to retire from business and has resigned from this 
Society. It was with regret that his resignation was accepted. 

Our constitution is not mandatory in regard to our summer 
meetings, but they have been so enjoyable and have served to 
promote good fellowship to such an extent that doubtless they 
may be considered a permanent feature in the conduct of the 
Society. While good fellowship abounds at all our meetings, this 
should be particularly true of those held in the summer, when 
nature is at her best and beckons us to drop for a time the cares 
and responsibilities that are a part of the existence of most of us. 

Here is this beautiful city; let us give the necessary attention 
to the serious part of our meetings, but let it be an occasion when 
members will get in close touch with each other, when East 
meets West and North meets South, and that as a result we shall 
all be in full sympathy with each other and with the objects of 
this Society as set forth in its constitution and shall be ready one 
and all to co-operate to secure the attainment of those objects 
and to build up the prestige of this organization. 


President Snow: Gentlemen, the next item on the order of 
business is communications from chapters. 

Mr. Hale: Illinois Chapter wishes to report a happy condi- 
tion, but inasmuch as the Society expects to report at the an- 
nual meeting, no regular report has been prepared for this 
meeting. We have taken in two new members in the last year 
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and lost one by death, which leaves a membership of thirty 
at the present time. We have held regular monthly meetings 
from October until May and every one of the meetings has 
been well attended. The interest seems to be the same as in 
the past years, and it certainly looks as though other states 
should form local chapters in order to get the real good out of 
the Society. We find that the good-fellowship of a chapter 
is very beneficial—brings us together in a way that the annual 
and semi-annual meetings would not permit. 

President Snow: The report of the committee to collect data 
on fan blast heating will be read by Prof. Carpenter. 

Prof. Carpenter: Previous to reading this report I wish to 
say that most of the work of this committee has been done by 
the chairman, our President. He thinks that the committee 
have gathered together some rather important and valuable 
data. There was a series of questions submitted and the report 
gives the answers to those questions which were made by a single 
firm. The answers are quite full and were, in the opinion of 
the committee, well worth publishing. 

The report was discussed by Messrs. Hale, Davis, Donnelly 
and Carpenter. 

It was moved by Mr. Macon, seconded by Prof. Kinealy, that 
the report of the Committee on Fan Blast Heating be received 
and the committee be discharged, and the report be referred to 
the Committee on Standards for recommendation to the So- 
ciety. (Motion carried.) 


REPORT OF THE COMMITTEE ON FAN-BLAST 
HEATING. 


This final report of your Committee concludes those pre- 
sented at the January meetings in 1908 and I9g09. 

Replies to the questions in the 1908 report have been re- 
ceived from one other manufacturer as follows: 


Q. 1. Please send elevations, sections, etc., showing clearly 
the construction of ‘your standard heater sections. 

A. 1, Illustrations were sent. 

©. 2. What size and kind of pipe do you use? 
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A. 2. I-inch steel. 

Q. 3. What size and kind of fittings do you use? 

A. 3. I-inch cast iron. 

Q. 4. What distance do you space your pipes between 
centres across the face of the heater, also the direction the air 
flows? 

A. 4. 2% inches. 

Q. 5. How are sections connected together; by manifolds, 
headers or flanges, and where or when do you use the several 
methods? 

A. 5. With cast-iron manifolds, wrought nipples and 
flanges. We use this manifold on factory work only; for Pub- 
lic Building work the connections are always made by steam- 
heating contractor. 

Q. 6. What depth do you advocate making the coils in rows 
of pipe, for (1) outside air, (2) return air for c, d, e, f? 

(a) Live Steam, heating public buildings? 

(b) Exhaust Steam, heating public buildings? 

(c) Live Steam, heating factories? 

(d) Exhaust Steam, heating factories? 

(e) Live Steam for dry kilns? 

(f) Exhaust Steam for dry kilns? 

A. 6. (a) We believe it very uneconomical to use live steam 
for heating purposes for Public Buildings, or to ever use any- 
thing but fresh air. Whenever our advice is asked, and where 
there is not enough exhaust steam available, we should use 
a pressure-reducing valve. 

(b) 20 rows. 

(c) 20 to 24 rows. 

(d) Never less than 24 rows. If fresh air is used, sometimes 
28 rows. . 

(e) We do not believe that blowers should ever be used for 
drying the ordinary grades of lumber. For certain special 
classes of lumber such as soft maple broom handles, gum bar- 
rel staves either for slack or tight barrels or cottonwood 
staves, the blower system is the only system to be used. The 
heater should be at least 24 rows deep for live steam or 32 
rows deep for exhaust steam. 

Q. 7. What. is the ratio of free area between the pipes to 
the “ over-all area” of a section? 





SEMI-ANNUAL MEETING. 


A. 7. Roughly, about 50 per cent. 

Q. 8. What is the maximum allowable velocity of air 
through a heater section as determined by you: 

(a) For public buildings? 

(b) For factory buildings? 

(c) For dry kilns? 

A. 8. (a) 1,000 feet. 

(b) 1,500 feet. 
(c) 1,500 feet. 

Q. 9. What temperature do you consider the air should be 
heated to, to give best results with a tempering coil? 

A. 9. 50 degrees. 

Q. 10. How many rows of pipe do you allow for: 

(a) Tempering coil? 

(b) Heater coil? 

A. 10. (a) From 4 to 8, depending upon space conditions. 

(b) From 8 to 12. 

Q. 11. Do you advocate blowing through or “ drawing” 
through a heater? Where and why? 

A. 11. For most Public Building work, we advocate blow- 
ing through, because it is usually easier to arrange for by- 
passing the air for tempering purposes. On Public Building 
work, we tise a “ draw-through ” heater only when space condi- 
tions make it necessary. On factory work, we use a “ draw- 
through ”’ heater almost entirely because of space conditions. 

Q. 12. How do you determine the maximum temperature 
obtainable with varying depths of heaters, velocities and steam 
pressures ? 

A. 12. From temperature and velocity charts A and B, 
showing final temperature of air leaving heater made up of 
sections having 4 rows of I-inch pipe each, spaced 234 inches 
on centres, temperature of entering air o degrees Fahr. 

Q. 13. How do you determine the heat units given off per 
square foot of heating surface per hour with varying initial 
temperatures and velocities of air, and steam pressures; also 
the condensation under same conditions? 

A. 13. The Relative Condensation in Heater Sections of 
4 rows of I-inch pipe each, spaced 234 inches on centres, en- 
tering air o degrees Fahr., average air velocity between pipes 
800 feet per minute is: 
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I 4-row section........ 1.48 | 5 4-row sections........ 1.08 
2 4-row sections....... 1.37 | 6 4-row sections........ 1.00 
3 4-row sections....... 1.25 | 7 4-row sections........ 0.95 
4 4-row sections....... 1.175 | 8 4-row sections........ 0.85 


Q. 14. What has been your experience with cast-iron pipe 
or other indirect radiation besides pipe coils? 

(a) Has it been as effective as a heating medium? 

(b) What is the comparative efficiency? 

A. 14. As we are manufacturers of pipe coils and not of cast- 
iron radiators, our answer to this question would necessarily 
be biased and, hence, not given. 

Q. 15. What type of radiation do you recommend for hot- 
water heating? 

A. 15. A mitre section [having vertical supply header and 
horizontal return header]. "We recommend the same type of 
section for either gravity circulation, or for forced circulation 
by pump, but we would not advocate a gravity hot-water sys- 
tem for blower work. 

Q. 16. How do you compute the size of steam mains and 
returns for heaters supplied with steam at varying pressures? 
Also for hot-water circulation? 

A. 16. Have no good rules for this. 

Q. 17. Do you regularly make provision for the removal 
of air from the radiation? If so, where and under what condi- 
tions of operation? 

A. 17. With our standard heater we get very good results 
without any special provision for removing the air from coil. 

Q. 18. Do you consider air valves either a necessary adjunct 
or a means of increasing the efficiency of the type of radiation 
you make? 

A. 18. We do not. 

Q. 19. Do you make any addition to or deduction from the 
amount of radiation, as commonly determined by the rules or 
formule you employ, if any one of the several “ Vacuum Sys- 
tems” is attached to the heater? 

- A. 19. We make neither addition nor deduction from the 
amount of radiation as commonly determined by our method 
of figuring if any one of the several “ Vacuum Systems” is 
attached to our heaters. ‘ 
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While illustrations of various types of heaters might per- 
haps have been included to advantage in this report, it has not 
seemed necessary to do so, since these may be had for the ask- 
ing from the several manufacturers. 

Although as many replies were not received as your Com- 
mittee had hoped for, it is believed that the data secured will 
enable the Committee on Standards (to which these data are 
to be referred) to arrive at some conclusions which will be of 
value to the Society. 

Wa. G. Snow, Chairman, 
R. C. CARPENTER, 

J. H. Kineaty, 

F. R. STI, 


Committee 
on 
Fan-blast Heating. 


President Snow: The next business is the report of the 
Committee on Standards Relative to Boiler Rating. I will ask 
Prof. Kinealy to read his report on this interesting subject. 

The report was read by Prof. Kinealy. 


REPORT OF THE COMMITTEE ON STANDARDS AND THE COMMIT- 
TEE ON BorLers oF THE A. S. H. & V. ENGINEERS. 


Mr. President and Gentlemen: Your Committee on Stand- 
ards with your Committee on Boilers, forming a joint Commit- 
tee, have worked hard since the January meeting of the Society 
upon the subject of Rating Cast Iron Boilers, which was as- 
signed to us at the January meeting. 

We are not prepared at present to submit a final report, be- 
cause we have not yet completed our work. This report is only 
a report of progress in which we desire to tell you what we 
have done and to ask that you bear with us until the next 
meeting, when we hope to have our work completed and to be 
able to submit to you a final report embodying a standard rat- 
ing for cast-iron boilers. We have arrived at a scheme about 
as follows: ; 

We will establish a standard rating, based, in accordance 
with the instructions given to us by the Society at its meeting 
in January, 1909, upon the rate of combustion per square foot 
of grate surface and the efficiency; and in order that those 
manufacturers who consider that their boilers should be rated 
higher than the standard rating may have an opportunity to 
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prove their claims, we are considering recommending that there 
be established a Board of Appeal to whom manufacturers may 
submit evidence in regard to their boilers and ask for a higher 
rating. Our idea is that where this Board of Appeal considers 
that a boiler is entitled to a rating higher than the standard 
rating, it will so certify and thus give to this particular boiler 
whatever rating above the standard rating the Board may con- 
sider proper. 

In considering what shall be the standard rating of boilers of 
different sizes we have agreed: ; 

1. That standard coal shall be anthracite coal having a heat- 
ing power of 13,000 B. T. U: per pound of dry coal; 

2. That one square foot of direct radiation steam surface, 
with steam at 2 pounds pressure in the radiator and a temperature 
of 70 degrees for the surrounding air, will emit 250 B. T. U. 
per hour; and that one square foot of direct radiation hot water 
surface, with water at an average temperature in the radiator 
of 160 degrees and a temperature of 70 degrees for the sur- 
rounding air, will emit 150 B. T. U. per hour. 

3. That the grate area of a boiler shall be the opening in 
which the grate is placed, measured to the outermost limits of 
air openings. 

4. That the standard ratings shall be for boilers under aver- 
age working conditions. 

We have not yet worked out in detail the method whereby 
the Board of Appeals shall be appointed nor the number of 
members to serve on the Board. 

We have had a meeting with the members of the Boiler 
Manufacturers’ Association, and they have consented to give 

the matter of rating boilers their careful consideration, and we 
" expect to hear further from them in the fall. 

We have had the question of boiler ratings under considera- 
tion with a committee appointed by the Master Steam Fitters’ 
Association and this committee has agreed to codperate with us 
and to give us the benefit of their experience. 

On the whole, your Committees are able to report that a great 
deal of progress has been made and that the question of rating 
boilers is in a very satisfactory condition, and we think will 
have been thoroughly thrashed out to a final conclusion by the 
time of the annual meeting of the Society next January. 
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We trust that the Society will be pleased with this tentative 
report and will await our final report, which we hope to submit at 
the next meeting of the Society. 


Respectfully, 


J. H. Kineaty, Chairman. 

Wma. G. Snow, Member Ex-officio. 
Wa. M. Mackay. 

Joun R. ALLEN. 

H. A. SmiruH. 

A. B. FRANKLIN. 

W. L. BronaucGu. 


Prof. Kinealy stated that Mr. Seward, of the Committee, did 
not approve the report, and that Mr. Densmore had not been 
heard from. 


DISCUSSION OF REPORT ON BOILER RATINGS. 


Mr. Davis: I would like to ask Prof. Kinealy what he means 
by the average working days of a house boiler. Have you es- 
tablished any stated intervals at which the boiler shall be fired 
to carry the load? 

Prof. Kinealy: We have not yet got down to those details. 
Here is what the Committee is doing. The Committee agreed 
that the standard coal, the standard square feet of radiation, and 
the grate area should be as stated; and then that all the mem- 
bers of the Committee should each separately make out a list 
stating how many pounds of this standard coal should be burned 
by boilers having grate areas of different sizes, what should be 
the efficiency of the standard boiler; and then how many square 
feet of radiation surface, steam surface and hot water surface 
this standard boiler should carry. That list would be calculated 
from the amount of coal and the efficiency; and we are in 
progress of getting that at present. Each of the members 
is making out a list of sizes of boilers, giving the amount of coal 
each boiler will burn, the grate surface, the efficiency, and the 
radiation. The idea being this: if the conditions under which a 
boiler was installed were such that it could not burn the amount 
of coal that was stated in the table for a standard boiler, then 
the conditions were not standard conditions, and if the boiler 
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did not do its work it was no fault of the boiler. If, how- 
ever, the conditions were such that the standard amount of 
coal could be burned, then the boiler, if it comes up to the stan- 
dard, would carry a certain amount of direct steam radiation 
surface. 

Mr. Davis: I would ask the professor if he does not think 
one of the very important things in a house heating boiler 
should be the number of times that it has to require attention. 

Prof. Kinealy: Yes; we have discussed it, but we have not 
arrived at any conclusion. 

Mr. James Mackay: Do I understand the idea is to base 
the standard entirely upon grate area? Are you not taking 
some other factors into consideration? 

Prof. Kinealy: It is based upon the rate of combustion, 
square feet of grate area and efficiency. 

Mr. James Mackay: Of course that word “efficiency” would 
take in the question of heating surface? 

Prof. Kinealy: Yes. 

Mr. James Mackay: I am interested in knowing how you 
arrive at such a high value to the fuel and such a low trans- 
mission of heat from the radiators. I notice that your ratio be- 
tween steam and water is about 55 per cent., roughly speaking, 
and your value of coal is about 13,000 B. T. U.’s to the pound. 
The latter seems a little high, while the other seems a little low. 
I venture to say there is not a bad boiler in the market. Some 
are a little more efficient than others, but there is not any of them 
that you can call a bad boiler. 

Prof. Kinealy: Well, to answer your question first as to 
how we arrived at 13,000 B. T. U. a pound. It was a vote. Each 
member was asked to say what he considered was the heating 
power of a standard coal, and the vote, I think, varied from 
12,000 to 14,000. The average was 12,800, and we said 13,000 
in round numbers. Now, as to the heat emitted from a square 
foot of radiation surface, with two pounds of steam and 70 de- 
grees air, we took a vote and the votes varied as before. We 
then took an average and the average was nearly 250, and 
we said “All right; we will agree on 250.” 

Prof. Allen: As a member of the Committee my first impres- 
sions were that a boiler should be rated on heating surface, the 
same as we rate power boilers, and that we should distinguish 
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between fire surface and flue surface. After talking the matter 
over with the Committee I have changed my views. This method 
of rating on grate surface accomplishes exactly the same thing 
and avoids a great many difficulties which the rating on fire 
and flue surface introduces. But whether you rate on heating 
or grate surface, the introduction of the factor of efficiency 
reduces it to an equivalent basis. When you assume a certain 
amount of coal per square foot of grate and assume the efficiency 
of boiler and grate you reduce the entire question of rating to 
the grate surface. 
Prof. Kinealy put the following table on the blackboard: 


ONE SQUARE Foot GRATE AREA. 
Coal Per 
Square Foot Efficiency. 
Per Hour. Per Cent. Rating. 
2.66 63 87 
5° 75 
50 78 
55 100 
60 94 


TEN SQUARE FEET GRATE AREA. 

Coal Per 

Square Foot Efficiency. 

Per Hour. Per Cent. Rating. 
66 2059 
60 1685 
65 2028 
63 1g00 
63 2205 


TWENTY-ONE SQUARE FEET GRATE AREA. 

Coal Per 

Square [oot Ifficiency. 

Per Hour. Per Cent. Rating. 
7-15 63 4900 
7: 65 5000 
7: 65 4969 
6. 65 4610 
v. 68 5190 
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Prof. Kinealy: Here are the results of some of the votes. 
We have here the grate area of the boiler, and I have given 
you the votes for one square foot, 10 square feet and 21 square 
feet of grate area. Here are the results of the votes giving the 
coal burned per square foot of grate surface per hour. We 
each put the standard amount of coal that should be burned 
per square foot of grate surface under these conditions; and 
here is the efficiency that each man used in his rating. For a 
boiler with ten square feet of grate surface, the coal that the 
different men thought should be burned per square foot of 
grate surface is as shown in the table. The efficiency varies 
from 60 to 66. The rating runs from 1685 to 2205. 

The odd figures mean simply this: some of the men gave 
round numbers and some of the men worked the results out 
exactly. 

For 21 square feet the coal varies from 6.5 to 7.15, the aver- 
age being about 7. The efficiency varies from 68 per cent. to 
63 per cent., the average being along about 65 per. cent.; and 
the rating from 4610 to 5190. 

Mr. James Mackay: The efficiency is based upon the value 
you give in your report? 

Prof. Kinealy: The coal, yes, the B. T. U.; 250 per square 
foot of steam radiation, and two pounds of steam and 70 de- 
grees surrounding air. 

Mr. James Mackay: And for water 180? 

Prof. Kinealy: For water 160 to 170. We have not put in 
water here. This is the steam radiation. 

Mr. Davis: And right there, what do you mean by efficiency ? 
Do you mean the amount of B. T. U.’s absorbed out of the 
13,000 heat units? 

Prof. Kinealy: Let me make that clear. If we have 13,000 
B. T. U.’s in one pound of coal, and we burn that one pound, 
we would liberate 13,000 B. T. U.’s. Now, if without any loss, 
all that heat can be transmitted to the radiator and given off 
by the radiator, each radiator giving off 250 heat units—in other 
words, if we could transmit from the furnace to the radiator 
100 per cent.—one pound of coal burned in the boiler would 
carry 52 square feet of radiation for one hour. Now, if we 
say the efficiency is 60 per cent.—some of us voted 50 and 
some 60—that means that we think that for every pound of 
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coal burned we would get the heat given out by 31 square feet 
of surface. 

Let me say this, too. Some of the members based their 
calculations upon a constant efficiency, the same for a big 
boiler as for a little boiler. Others gave a low efficiency for a 
small boiler and a large efficiency for a large boiler. I have 
purposely mixed these up, so that this man is not the same as that 
man. (Indicating on table.) 

Mr. Davis: But according to that there is much greater ef- - 
ficiency in the larger boilers than in the small ones; that is, the 
very small ones. 

Prof. Kinealy: Yes. To my mind the most interesting part 
of the vote is the fact that these different members of the com- 
mittee, located in different parts of the country, should sit 
down, each one by himself, and come so close as they did. The 
vote was not hastily taken. As a matter of fact, what we did 
was this: We first took a vote; then we wrote back and forth 
about that vote. We found that the men were not voting for 
the same conditions as to coal and heat emitted per square foot 
of radiating surface. Then we had a meeting and standardized 
the thing and took a new vote. We have not yet a full and 
complete vote of all the members. 

Secretary Mackay: I think that should be understood, that 
the consumption of fuel is the greatest amount that can be 
burned in any one of these boilers in zero weather. It is not 
the average consumption at all. 

Prof. Kinealy: Oh, no; it is not the average. I do say this: 
that if the boiler was installed and it could not burn the amount 
of coal in this table, then the conditions would not be standard 
conditions. The draft must be such that it can burn this amount 
of coal. If it burns this amount of coal then it must carry 
that surface. 

Mr. Seward: Professor Kinealy has made the statement that 
I do not approve of this report, and I would, therefore, like to 
have the opportunity of telling briefly the reasons why I have 
riot approved it. In the first place, I think the differences that 
exist between other members of the committee and myself are 
more with reference to the nature of the work that is expected 
of this committee on the boiler rating question than to anything 
else. I believe that this question was referred to the committee 
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in order that they might bring to a head the discussions that 
have been held on standards at different times before this body 
with reference to the existing methods of rating cast iron boilers. 

These discussions have been going on before this body from 
its very first meeting, and in every case they have taken the 
ground that the existing methods of rating cast iron boilers 
were unsatisfactory to engineers, and were more or less largely 
a matter of guesswork. No manufacturer stated how he arrived 
at his rating, there was no uniformity in results, and as a con- 
sequence the engineer and the contractor could not tell whether 
any given boiler was truly rated or not. 

In past years there has been more or less of an insistent de- 
mand upon the manufacturer for the amount of heating surface 
that his boiler contained; the idea of those making such de- 
mands being that if they had the measurement of the heating 
surface and the area of the grate in any particular boiler they 
could arrive by their own methods at the work it could be ex- 
pected to do. That demand finally became so insistent that this 
Society at the 1908 annual meeting authorized the appointment 
of a committee to investigate the relative value of heating sur- 
faces in cast iron boilers. The committee confined itself to the 
investigation of heating surface values, and, as Professor Allen 
has said, those members who started out with the idea that a 
boiler could be rated by the amount of its heating surface finally 
came to the conclusion that it was impossible. The committee 
never presented a formal report, but at the 1909 annual meeting 
there were submitted the individual ideas of some of the mem- 
bers along this line of arriving at the power of heating boilers by 
consideration of heating surface values with a recommendation 
that the investigation should be abandoned; and that some other 
method of rating might be found and pursued to a conclusion. 
As a result of the discussion that took place at that meeting the 
matter of rating cast iron boilers was referred to the Committee 
on Standards following a resolution suggesting a method which 
had been outlined in the discussion. 

‘The committee was to establish a standard method for rating 
cast iron boilers based on coal consumed per square foot of grate 
per hour and the efficiency of the boiler. I think we should ar- 
rive, as it states, at a standard method for rating, and not a 
standard rating, in other words, broadly speaking, I should say 
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that what was expected and what was desired by the member- 
ship of this Society was some standard or uniform method of 
arriving at and expressing the power of cast iron boilers for 
heating purposes, and not a so-called standard rating that would 
be applicable only as a fixed level by which all boilers would be 
measured up or down. The differences existing in the com- 
mittee are based, in my judgment, entirely upon that one point. 
With such an understanding of the requirements I could not 
approve of this tentative report, because it deals with assumed 
efficiencies and then goes into a recommendation whereby a 
scheme is to be worked out to provide for those boilers which 
are above and possibly below this assumed efficiency. 

About five years ago the boiler manufacturers, who were then 
very closely associated for the advancement of their own ideas, 
appreciated the necessity of some more uniform and desirable 
method of expressing the power of the boilers which they manu- 
factured, and as might be imagined, in a commercial body of 
that kind, they came to the conclusion that if they could hit 
upon a uniform rating for all boilers of a given size it would do 
away with all the evils that then existed. That feeling was so 
strong that it resulted in the appointment of a committee to 
work out some scheme whereby the boilers of these various 
manufacturers could all be rated on the same basis. That com- 
mittee worked on the subject for some considerable time, and 
the result of their deliberations was that a boiler should be 
measured by its outside dimensions, by the height of its water 
line, and by some other calculations, all of which are on record 
before this Society in a paper presented by Mr. Blackmore five 
years ago. The manufacturers, when that committee reported, 
thought so well of the scheme that they adopted it forthwith, 
and as a consequence all boilers made by members of the asso- 
ciation at that time were rated according to the formula adopted. 
The scheme they worked out took into consideration, in my 
estimation, more of the vital considerations that enter into the 
real power and rating of a heating boiler than does the scheme 
now proposed. It was based, more or less intelligently, upon 
the amount of heating surface in the boiler and by its general 
dimensions—not by the size of the grate—and an estimate of 
the efficiency. 

The manufacturers’ scheme was fruitful in this respect; that 
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it prevented anybody from building a freak" boiler to obtain a 
high rating. Now, it is true of the scheme outlined in this re- 
port that if this Society will resolve itself into a court of ap- 
peals the manufacturers might possibly be prevented from build- 
ing freak boilers. My judgment, however, is that if the. Society 
gives out a standard, so called, as to what a boiler with a given 
size grate should be rated to do, you are going to find manu- 
facturers who will build boilers having the only part of the 
specifications mentioned, which is the grate, but which will not 
come anywhere near doing the work that this standard calls for, 
resulting in endless litigation and dispute. 

Now, the element comes in that it might be inadvisable for 
the manufacturer to claim anything for a boiler which it will 
not perform. But he can do as he does to-day—state his con- 
ditions, give a capacity rating, and then notify the trade, more 
or less completely, as to what they shall provide for in using the 
rating. 

[ believe that what we want is some body, and preferably this 
body, to standardize conditions under which heating boilers 
may be expected to operate. I believe that we should stand- 
ardize the rate of combustion, and that we should express it in 
terms of pounds of coal per square feet of grate per hour, be- 
cause that is a unit that everybody has become educated to and 
is familiar with. I also believe that we could standardize the 
time that the boiler should be run with one firing, and that we 
should divide the boilers into classes by a sort of grade with 
reference to the character of building in which they are likely to 
be installed. By fixing the time which each class of boiler shall 
run on one firing, we will automatically change the rate of com- 
bustion, providing we determine a standard depth of fuel for 
one charge and which it seems possible to burn on the grate of 
boilers under consideration with ordinary draft condition and 
attendance. We should also define a standard code under which 
heating boilers can be tested to determine their evaporating 
efficiency. I think when all the operating conditions are stand- 
ardized in code for test and given to our members and the public 
at large that the manufacturer will accept them; and if he has 
not already tested his boiler according to the code laid down by 
this Society will do so, and determine his rating by the actual 
performance of the boiler under the standard conditions. 
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Now, it seems to me that when all this has been accomplished 
the members of this Society, the architects and the trade at large 
will have all the information they need to enable them to apply 
a boiler rating, not only under the published standard condi- 
tions, but under conditions they might be confronted with in 
the particular building in which they were to install the plant. 
It seems to be decidedly unwise for us to set up any rating based 
on an assumed efficiency and then get this Society into trouble 
by entering into disputes which will continually arise between 
boiler manufacturers and their customers. I think it is entirely 
beyond the province of this Society to go into any work of this 
kind, and it appears to be unnecessary, as all we are after will 
be accomplished by the other method. I think the procedure I 
have outlined is what the engineer wants, what the contractor 
wants and what the architect wants. And it is for these reasons 
that I am opposed to this-idea of voting or making any calcula- 
tions based upon assumed efficiencies. It is so easy and simple 
to test cast iron boilers and make calculations based upon their 
actual performance under the standard conditions that it seems 
absurd, in my estimation, in this enlightened age, to offer our 
members assumptions which mean absolutely nothing, and do 
not represent actual performance. I do not believe that you 
can arrive at the average capacity of cast iron boilers by a com- 
mittee vote, therefore, the only right and logical way is for each 
manufacturer to test his boilers under the standard conditions 
this Society lays down, make his ratings according to results ob- 
tained and so publish them to the trade at large. 

I do not agree with Professor Kinealy, as he deals with boiler 
construction instead of boiler rating. This Society has not be- 
fore it any question of boiler construction. Furthermore it has 
nothing to do with boiler construction in my estimation. Its 
function so far as brought out is in regard to a uniform method 
of rating. Mr. Blackmore read the report of his committee this 
afternoon and one of the questions ke asked during his investi- 
gations was: “ Do you place any reliance on the ratings given 
by boiler makers in their catalogues?” If I remember cor- 
rectly 70 per cent. of them said they did. If the steamfitter and 
the buyer of the boiler do rely upon the maker’s rating, then I 
think this Society should set a standard on which such rating 
can be based. You can make a cast iron boiler in many differ- 
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ent ways. When a contractor buys a boiler: the assumption is 
that his engineer will install it on a basis suggested by specified 
tests and conditions or make allowances to suit the case. For 
instance, the manufacturer may say his boiler will develop 60 
per cent. efficiency on a consumption of five pounds of coal per 
square foot of grate per hour and rate it accordingly. With 
such standard rating he assumes no responsibility for the boiler 
other than for tested efficiency, and would have nothing to do 
with conditions of installation. 

I have a record here of some of the things that have been 
said before this Society on heating boiler ratings, and it covers 
fifty typewritten pages. This subject has been discussed here 
time without end. It has been brought up at almost every meet- 
ing of this Society. One of the members at the 1895 meeting 
stated that the boiler manufacturer’s rating could not be relied 
upon, and this Society should set a standard for such ratings. 
There is $25,000,000 invested in the manufacture of cast iron 
boilers, and there are very close to 100,000 of them being used 
in this country every year. The people who make these boilers 
know what they are doing, and the assumption is that the people 
who are using them know what they want. If the people who 
are using them will standardize the normal operating conditions 
the manufacturers will build boilers to suit. I think that this 
matter ought to be brought to a head and either dropped or a 
standard method created. It is a disturbing factor. It has been 
published so much in the papers, and the fact that it is brought 
up and discussed on the floor of this Society has received more 
or less recognition, so that many people have come to believe 
that the manufacturers do not know how to rate their boilers. 
The trouble is each manufacturer has a standard of his own, but 
it has not occurred to us that possibly he does not care to state 
his conditions. 

Now, if this Society has any normal operating conditions to 
suggest let us define them. Let us know what they are. I do 
not know of a better body to set the standard than this Society. 
It is composed of engineers who cover designing as well as in- 
stallation. If we do not know what is the average coal con- 
sumption to be expected in domestic heating plants I do not 
know who does. Certainly the manufacturer has nothing to 
do with it. The best way would be for this Society to define a 
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standard coal consumption in pounds per square foot of grate 
per hour. When you get the manufacturer’s efficiency for his 
boiler then you can determine his rating, and you can apply 
that rating to suit any particular installation. 

I hope something will be done with this question. It has 
gone too far to let it alone. If this Society is not big enough 
to handle the proposition, then I think it ought to be turned 
over to some other body that is. (Applause. ) 

Prof. Carpenter: I think I have arrived at very much the 
same. conclusions as those presented by Mr. Seward. Why 
should we not take things as they are, take an actual efficiency, 
and not an assumed efficiency? The methods for testing coal 
efficiency have been determined; they are well known; it costs 
very little to get them; it costs very little, in fact, to find out 
the heat value of a pound of coal. Now, why should we assume 
that a pound of coal contains 13,000 B. T. U.’s? If it may 
contain 10,000 or 15,000, why not send it to the laboratory 
and for a five or ten-dollar bill then we can find out exactly 
what that coal contains and have something accurate. The 
same way with the efficiency. It seems to me the efficiency 
should not be an assumed but an actual efficiency. Otherwise 
than this I believe that the basis of work of the committee is 
correct. I hope that it will be continued and I hope that we 
shall have something before us which will be lasting. 

The table which Prof. Kinealy has put upon the board it seems 
to me is a very interesting one. It shows that the assumptions 
made by engineers and experts respecting the efficiency of these 
different boilers is in a remarkable agreement. It is probably 
very close to the truth, and I think it would be well to have 
all that information in the report, but I think it should be put in 
as information and not as an absolute statement, that such and 
such boilers should have such efficiency under the ordinary con- 
ditions of operation. 

Mr. Davis: I would like to ask Prof. Kinealy, on taking 
a boiler of, say, ten feet grate area, suppose some reputable 
manufacturer, or a number of them, demonstrated the fact 
’ that they could burn seven pounds of fuel per square foot per 
hour, or another demonstrated positively that he could burn 
eight: would you give them the same relative efficiency for the 
coal consumed? 
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Prof. Kinealy: I can only answer that question for myself. 
I cannot answer for the other members of the committee. I 
should not give him the same efficiency. The coal prescribed 
per hour means simply that a house-owner must provide a chim- 
ney and conditions such that he can burn that amount of coal. 
Now, if the house-owner provides a chimney whereby he can 
burn eight or nine or ten pounds of coal per square foot of grate 
per hour, of course that boiler will carry more surface than that 
given in the table. 

Mr. Davis: That is just the question I am bringing up. 
Will you give him an efficiency according to the coal consumed 
per square foot? 

Prof. Kinealy: I would not give him the same efficiency, 
I would give him a higher rating. That is to say, suppose 
we take at 6 pounds; the efficiency is 65 per cent. (Referring to 
table.) That would give a rating of about 2,000. Now, suppose 
you put that boiler in so that it burned 8 pounds—one-third 
more. Now the efficiency would not be quite 65; it might be 
67% or it might be 63 or 64; and you would get nearly one- 
third more capacity. In other words, you would get about 
2,700 square feet. If you burn more coal you get a higher 
rating. 

Mr. May: May I ask, Prof. Kinealy, that if it should be 
shown that at a rate of 6 pounds you would only get an effi- 
ciency of 65 per cent., and it should also be shown that if you 
burned at a rate of 8 pounds you would get more heat per 
pound of coal, what would the answer be then? Now, at 6 
pounds, the boiler will not show more than 65 per cent. effi- 
ciency, but if run at the 8-pound rate the efficiency or the heat 
units developed per pound of fuel goes up, and, according to you, 
the efficiency drops down. If it could be shown that it went up 
what would be your idea? 

Prof. Kinealy: The contractor puts in his boiler and if he 
burns six pounds of coal it is standard conditions. He does 
not have to furnish conditions to burn eight pounds. 

Mr. James Mackay: I do not understand that this is laid 
down as an arbitrary method of rating a boiler. It is simply 
a suggestion on the part of the committee as to a method that 
may be employed. The amounts of fuel burned per square 
foot of grate per hour may be increased if the manufacturer so 
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elects. The factor of efficiency is, as I understand it, to be de- 
termined by actual tests. I do not think they assume or pre- 
tend to assume a factor of efficiency for any particular boiler. 
I think they intend that they shall be established by actual tests, 
as Mr. Seward suggests. The committee must be careful re- 
garding the ratio of fuel consumption; few manufacturers rate 
boilers based on a higher rate of combustion than is given by 
the committee, and some makers use a much lower ratio; all 
manufacturers have records of elaborate tests which they have 
made to determine the capacity of their boilers; they know 
how much water their boilers will evaporate per pound of coal 
consumed, and anyone interested can usually obtain this infor- 
mation. 

President Snow: I would like to say, and Prof. Kinealy can 
correct me, that what the committee was driving at was to get , 
any opinions, based on as extended experience as possible, as 
to what those people who gave the opinions considered fair 
average ratings under ordinary working conditions. It is the 
function of the engineer to determine, in view of the class of 
building in which the boiler is to be placed and the kind of 
attention it will receive, what the rate of combustion should 
be. That is the province of the engineer. But it was hoped, as I 
expressed it in the committee meeting at Niagara Falls, to estab- 
lish, as they say in civil engineering, a datum plane from which 
these capacities could be measured up or measured down, as 
the case might be. That may clear up the situation a little. It 
was hoped that these estimates, or votes, as Prof. Kinealy has 
termed them, would represent fair average practice, and when 
brought into final shape be of assistance to the contractor or 
to the layman in making a selection or know what he ought 
reasonably to expect to get out of a boiler*in capacity under 
average working conditions. 

Mr. Macon: I should like to suggest that the chairman of the 
committee explain a little‘more about what the effect would 
be if the Society saw fit to adopt this standard rating. Now you 
have, as I understand it, explained how the heating contractor 
can tell how much radiation he ought easily to supply with a 
given sized grate. If the Society did adopt this standard, would 
you expect that this standard would be published in boiler cata- 
logues? Would you expect that the steam heating fraternity 
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would generally become familiar with the standard? In other 
words, what would be the effect if the thing were adopted? 

Prof. Kinealy: The effect of a standard boiler rating seems 
to be somewhat the same as the effect on boilers of engines 
when the American Society of Mechanical Engineers adopted 
thirty pounds of steam under certain conditions of tempera- 
ture of feed water and a certain pressure of steam, as one 
horsepower. Many engines use less than thirty pounds of 
steam per hour per horsepower, many use more; yet we all, 
in figuring horsepower, think of thirty pounds of steam per 
hour. Now, in the same way, it seems to me, we will do if there 
is a standard rating for cast-iron boilers. We will think of a 
boiler having a grate area of ten square feet, as carrying about 
2,000 feet of direct steam surface, when the coal burned in the 
boiler has a heating power of 13,000. The committee had, as 
Mr. Mackay said, to consider the contractor and the boiler 
manufacturer. We also had to consider the house-owner. The 
standard rate of combustion was, I think, voted on somewhat 
with the idea that the house-owner should not be expected to 
supply a mechanical draft system in order to heat his building, 
but he should supply enough draft to burn a reasonable amount 
of coal. Not only that, but in order to protect the contractor 
and the boiler manufacturer the house-owner must use good 
coal, a standard coal. A coal having a heating power of 8,000 
or 9,000 B. T. U.’s per pound would not be what the commit- 
tee thought would be standard coal. The committee agreed that 
the standard coal should be one having 13,000 heat units per 
pound of dry coal. Then the contractor is protected, in that 
if the house-owner uses coal of standard quality and the con- 
tractor puts the boiler in with a chimney so that he will burn 
a given rate of coal per square foot of grate surface per hour, 
the boiler must be made to carry the stated amount of surface. 
In that way the house-owner, the contractor and the boiler 
manufacturer will be protected. I am sure that is the reasoning 
of the members of the committee. It was the way in which I 
reasoned and it was the way in which others reasoned, because 
they said so to me. 

Mr. Feldman: I would like to ask the professor how he got 
the efficiency. Divide 13,000 by 250 and it looks to me as if it 
would have to be an efficient boiler that would have that effi- 
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ciency between the coal and the radiator, which includes the 
piping. The latter should be taken into consideration, whether 
the piping is small or large or whether the piping is covered. 

The second point I had in mind was the figures in which the 
dissenting votes of the committee were expressed. I always 
have difficulty in selecting a cast-iron boiler. Two boilers may 
have the same grate surface and one may be about a foot 
shorter than the other, or the heating surface may be higher. 
The rating will be the same in the catalogues. The difficulty 
will be to go to an arbitrary committee every time to find out 
whether we are getting results. How can a contractor select 
a boiler without any other criterion to go by than the heating 
surface or grate surface? I had a case where a contractor 
jame around to my place and offered me a different boiler than 
the one I specified. He said, “The grate area was the same, the 
rating was the same.” But I found from the catalogue it was 
about a foot lower than the other one. I did not want to take 
chances and I didn’t allow the substitution. 

Secretary Mackay: As Mr. Seward says, this question has 
been touched on ever since the time the Society was first organ- 
ized. But we have all this information as to what the different 
manufacturers have done, it is all before us, and we also have 
the information that some manufacturers have built boilers and 
rated them for a certain number of square feet of radiation and 
have lately reduced their figures 33 per cent. We have other 
cases where they have increased them 50 per cent. We have all 
the different changes that they have made, and still at the 1908 
meeting the question seemed to be as far from being solved as 
ever. And it was brought out there that it would be a desirable 
thing for this Society to establish a standard method of rating 
boilers. It was stated that one boiler, with three different names 
on the front, had three different sets of ratings. It was stated 
in our proceedings that there were other cases where tests had 
been made of boilers that could develop a certain efficiency in 
a factory building, with a flue four feet square, a new and clean 
boiler, with experienced firemen firing, and then did not develop 
within 50 per cent. of that under the average conditions of the 
house-owner. Then a committee was appointed to go into this 
question of rating. This committee brought in a report at the 
last meeting, and on the strength of the report the Society voted 
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that the matter be referred to the Committee on Standards and 
that they work in conjunction with the other committee to form 
a rating for cast-iron boilers. It seems to be a necessity; if in 
the fifteen years of the Society’s existence, we have not been 
able by the different methods brought in to accomplish anything 
in the way of a satisfactory rating, then it seems to have been 
the right thing to refer it to the Committee on Standards. And 
while this is largely, as I understand it, discussion for informa- 
tion to-day, the indication is that the Committee on Standards 
will continue to work and bring in a final report at the next 
annual meeting, as they are instructed to do, and I think that 
whatever report this committee brings in, it should be without 
regard to anything except that particular subject from an en- 
gineering standpoint, not the manufacturer or what his goods 
are to-day or anything of that sort. It has been stated that as 
engineers we are not to dictate to a man as to how he shall con- 
struct his boiler. When the Society was organized away back 
fifteen or sixteen years ago the second object of the Society 
was: “Improvement in the mechanical construction of the 
various apparatus used for heating and ventilation.”” We should 
consider that as engineers and formulate our report regardless 
of whether one or a hundred manufacturers have to work up 
or work down to that standard. . 

Mr. Seward: I would like to say in conclusion that I 
have followed very closely the objections that different members 
have presented to this assumed efficiency scheme as outlined 
on the blackboard, and I believe most emphatically that every 
one of the objections will be overcome if this Society ‘standard- 
izes operating conditions for house heating boilers and then 
suggests that the power of the boiler be determined by the 
manufacturer after actual test according to a standard code, 
which this committee will lay down; each manufacturer also to 
rate his boiler by its actual efficiency under the standard operat- 
ing conditions and state in his catalogues the efficiency on which 
he bases his ratings. Now, if the engineer is interested in the 
matter he can, by the manufacturer’s catalogue, determine 
whether the conditions available are the same as those under 
which the manufacturer rates. It is the manufacturer’s effi- 
ciency which I think ultimately will be guaranteed alon these 
lines, as he will know exactly what he is doing; and the archi- 
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tects and engineers will be relieved because they know the stand- 
ard operating conditions which are required. It seems to me the 
Society is going to solve this problem satisfactorily to its own 
membership at least, if it brings about a statement in the manu- 
facturer’s catalogue that he rates his boiler under the operating 
conditions that this Society has decided are normal after test- 
ing his boiler according to the standard code. Now, if we can 
accomplish all this and do it without involving ourselves in any 
of the disputes that might arise or any of the objections that 
have been presented, is not that better than going ahead and 
adopting something by vote or estimate and then adjusting the 
disputes as best we can? 
On motion the session was adjourned. 


AFTERNOON SESSION. 


The meeting was called to order at 2.55 P.M. 

President Snow: Gentlemen, we will continue our meeting 
with the reports of committees. I believe Mr. Chew, represent- 
ing Mr. Harrison, of the Legislative Committee of New York, 
has a report which he will read. 

Mr. Chew read the report. 

“Since the last annual.meeting of this Society there has been 
little progress in the efforts to prevent the repeal of Section 86 
of the factory law regarding the ventilation of loft buildings used 
for factory purposes. <A letter was framed and sent to Governor 
Hughes, to the President of the Senate and to the Speaker of 
the Assembly. It is proposed to send circular letters to the mem- 
bers of this Society, urging them to take the matter up with their 
State Senator and assemblyman. It is hoped that at the next 
annual meeting we may have something definite to report. In the 
meantime it may be of interest to note that in the State of IIli- 
nois, Senate Bill 385 has been enacted and become a law July 1, 
1909. Section 11 of this bill reads as follows: 


“*Sec. 11. In every factory, mercantile establishment, mill or 
workshop, where one or more persons are employed, adequate 
measures shall be taken for securing and maintaining a reason- 
able, and, as far as possible, equable temperature, consistent 
with the reasonable requirements of the manufacturing process. 
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No unnecessary humidity which would jeopardize the health of 
the employees shall be permitted.’ 

“This is as complete a bill as has been passed by any of the 
States so far. The last sentence of Clause 11, ‘no unnecessary 
humidity which would jeopardize the health of employees shall 
be permitted,’ certainly means dehumidification under some cir- 
cumstances, but leaves open the question of the limits within 
which humidity does jeopardize the health, and the burden of 
proof would seem to rest in the factory inspector. There is 
no doubt that in factories similar to paper mills, where the cool- 
ing by contact of humid air with outside walls and roofs results 
in precipitation which damages the product of the mill, there 
should be little difficulty in enforcing the law, since its enforce- 
ment is to benefit the output of the mill. However, where the 
output of factory is of a nature not affected by humidity or 
moisture this might not be true. In England, where the climate 
is naturally very humid at times, it was found necessary to pass 
laws limiting the allowable humidity in cotton mills since the 
mill owners were prone to carry it to as high a point as possible 
to facilitate the weaving of cotton cloth. Since it is a fact that 
the effect of humidity on the vital forces of the human body 
varies with the temperature of the air, it would seem that some 
definite relation of relative humidity to temperature should be 
established, and there appears to be some need for the Society 
to obtain what data are available along this line.” 

On motion the report was accepted. 

Mr. Whitten: I do not know whether what I have to say 
is pertinent, but I have some information for the Committee on 
Compulsory Legislation which I have received recently—I think 
the Society ought to have it now—and that is in regard to pro- 
posed legislation in the State of Massachusetts. Compulsory 
legislation in the State of Massachusetts has been practically in- 
operative because of a law passed giving inspection on the re- 
ports on bad ventilation to the State Board of Health, and, ap- 
parently, provided the reports were made, that was the end of it. 
The district police have had up to that time authority in those 
matters. In order to obviate the clash between the State Board 
of Health and the Massachusetts district police this legislation 
is proposed : 

Section 105. Every public building and every school house 
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shall be kept clean and free from effluvia arising from any drain, 
privy or nuisance, shall be provided with a sufficient number of 
proper water cldsets, earth closets, or privies, and shall be ven- 
tilated in such a manner that the air shall not become so impure 
as to be injurious to health. If it appears to an inspector of 
factories and public buildings that further or different sanitary, 
ventilating or heating provisions are required in any public build- 
ing or school house, in order to conform to the requirements of 
this section, and that such requirements can be provided without 
unreasonable expense, he may issue a written order to the proper 
person or authority, directing such sanitary, ventilating or heat- 
ing provisions to be provided. A school committee, public officer, 
or person who has charge of, owns, or leases any such public 
building or school house, who neglects for four weeks to comply 
with the order of such inspector shall be punished by a fine of not 
more than one hundred dollars. Whoever is aggrieved by the 
order of an inspector, issued as herein provided and relating to a 
public building or school house, may appeal to a judge of the su- 
perior court, as provided in chapter four hundred and eighty- 
seven of the acts of the year nineteen hundred and eight. The 
state inspectors of health or such other officers as the State Board 
of health may from time to time appoint shall make such exami- 
nations of school buildings as in the opinion of said board the 
protection of the health of the pupils may require. The pro- 
visions of this section shall be enforced by the state inspectors of 
factories and public buildings. 

There was at my last information practically no legislation 
in force in Massachusetts except the first initial inspection of a 
public building by the state police. After that they may shut 
down their vents and nothing further be done.. I wanted to bring 
this before the Society. It was thought it might be put upon 
the record for the information of the Society. 

Mr. Hale: I move that the article read by Mr. Whitten be 
placed upon the record of the Society and a copy be sent to 
the Committee on Compulsory Legislation so they may have the 
record. 

Prof. J. D. Hoffman: Just for information, I suppose there 
are not many of you that know that Indiana had a law that 
they came very near passing the last legislature. It went to the 
third reading and it was knocked out. 
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Prof. John R. Allen then read a paper on “The Effect of 
Painting Radiating Surfaces,’ and Mr. Macon read a paper by 
Mr. B. S. Harrison on “The Heating and Ventilating System 
of Finney Chapel, Oberlin College, Oberlin, O.”” The paper was 
briefly discussed. 

Secretary Mackay read a paper on “Safeguarding Our Pro- 
fession,’”’ which was discussed by Mr. Whitten. 

President Snow: The first topic for discussion on our list 
is No. 1: “The relation of fan pressure and peripheral velocity 
in public building heating systems, operating at a velocity of 1500 
feet per minute.” 

If there are no remarks on this topic for discussion we will 
pass on to No. 2: “The quality of the air with relation to CO, 
and humidity in school-rooms heated by fan blast systems, with 
no provision for washing and humidifying the air.” 

There being no discussion, Topic No. 3: “The minimum fee 
for professional services,” was taken up and discussed by Sec- 
retary Mackay. 

Topics No. 4, “The fire risk in connection with heating and 
ventilating systems,” and No. 5, “Legal regulations for the in- 
stallation of heating systems for residences,’ were discussed 
by several members. 

Topic No. 6, “The use of aprons in front of direct-indirect, 
radiators,” received no discussion. 

(On motion the session adjourned until evening. ) 


THuRSDAY EVENING SESSION. 


The meeting was called to order at 8.30 p.m. by President 
Snow. t 

President Snow: Ladies and gentlemen: We have with us 
this evening Dr. Hurty, Health Commissioner of the State of 
Indiana, a gentleman who has made a very broad study of the 
subject of tuberculosis, the gentleman in whose charge is the 
ventilation of the school buildings of this state, and through 
whose hands all plans must pass for approval before the heating 
and ventilating systems are installed. He is very well known 
throughout this section and has much of interest to say to our 
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Society, to which we shall be pleased to listen. I have pleasure 
in introducing Dr. Hurty. (Applause. ) 


Dr. Hurty spoke, in part, as follows: 


I am glad of the opportunity to talk upon my favorite subject 
to a body of life-savers like yourselves; for you certainly are 
life-savers, engaged as you are in the matter of presenting to the 
people in their houses the first essential of life,” namely, air. 

As an introduction to what I have to say I want to read you 
an utterance made by David Starr Jordan. It is an utterance 
in regard to little children; and in ventilating school-houses 
we are looking after little children. David Starr Jordan, the 
great educator and scientist, says: “There is nothing in 
the world so important as little children, nothing so interesting. 
If ever you wish to go in for philanthropy, if ever you wish 
to be of any use in the world, do something for children. If 
ever you yearn to be truly wise, study children. We can grasp 
the sword, bandage the wounded, imprison the criminal, heal 
the sick and bury the dead, but there is always the chance that 
you can save the child. If the great army of philanthropists 
ever has any inspiration for working out our race’s salvation 
it will be because a little child has led them.” 

I submit that to you as a very sublime sentiment, and abso- 
lutely true. You gentlemen are engaged, I repeat, in life-saving. 
Of course you make a business of it, and that is right. You 
derive a profit from it. Life-savers should have a profit as 
much as those who clothe us or those who furnish us transpor- 
tation, or those who render any other good service. And this 
subject, I say, of ventilation cannot be overstated in its very, 
very great importance. 

School hygiene, the care of the child, is a question of far 
greater importance to the American people to-day than the 
tariff that we are blustering and fuming and fussing so much 
about; more important than the Panama Canal; it is more im- 
portant to the people of this country or any country than 
their armies and their navies. What are we here for in this 
world, placed here by a beneficent Creator? For the sole pur- 
pose of perpetuating the race and perpetuating it properly. We 
are here to be parents, to raise families and to raise them 
properly and then pass away. 
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So school hygiene, then, after the child leaves the mother, is 
the greatest of all subjects that we have to teach or to handle. 
Gentlemen, that is obvious. And you are engaged in a branch, 
in an important branch, and the most important, of school hy- 
giene—of all hygiene—the furnishing of an abundance of pure 
air, the first requisite of life, that which is necessary to make a 
good animal; and if the child is not a good animal he cannot 
be anything else that is good; for being a good animal is at 
the bottom of all his possible goodness. How can you make a 
moral, strong, useful, intelligent, educated man or woman out 
of a sickly, puny child? And if you bring sickness and puni- 
ness upon a child through surrounding him with evil conditions, 
unsanitary conditions, you have done a wicked thing, you have 
done an extravagant thing, you have done an ignorant thing, 
you have done a stupid thing. 

And yet, gentlemen, that is being done all over the State of 
Indiana. Ignorance and stupidity everywhere are surrounding 
the school children with conditions which kill them. If we 
killed them outright it would not be so bad, but it brings upon 
them lingering death. In 1908 1,339 school children died out 
of the schools of Indiana—1,339 right out of the schools. We 
find by close investigation of those deaths that eighty per cent. 
of those children were killed in the schools, principally from 
lack of air. That is literally true, gentlemen, in this civilized 
day. By a statistical calculation it is found that there are 
20,000 school children out of the 500,000 in Indiana that have 
tuberculosis. 

Now, some may scoff at this and say this is all nonsense, this 
estimate. Therefore we will make a concession and say cut 
it in two and say 10,000; cut it in two again and say 5,000. 
Five thousand children in Indiana with incipient tuberculosis. 
How many of them willl be cured? Because that is a curable 
disease if taken in its incipiency. A number of them will be 
discovered run down in health, losing strength, becoming lan- 
guid, their lips becoming pale, they cry out in their sleep and 
nervousness comes upon them, and parents will realize it and 
take them to the doctor and the doctor will say: “This child 
needs to be taken away from its present environment.” The 
child is taken to the seashore or country, if the parents are so 
situated that they can do it, and the child recovers and it is 
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reprieved from the sentence of death, and that child has re- 
covered from tuberculosis. And that is happening all the time. 
So a certain number will be reprieved. Let us say, for calcula- 
tion, that 2,000 will be thus reprieved, and that is about all. 
The other 3,000 must die—killed in school. They will not all 
die in one year, but killed in the school; for you take them out 
of the schools and they will get well very frequently; put them 
back and they are sick again. 

Now where is the common sense, where is the business, of 
surrounding children with conditions that affect their efficiency 
in study, that take from them their health, that take from 
them their lives? Well, Indiana is doing that very thing, and 
business men are doing it. Everywhere over the state where 
I travel—and I am traveling continually, meeting school offi- 
cials and town officials and city officials, and trying to raise 
up these conditions—you find men determined to keep up. these 
conditions which bring ill health, disease, death and inefficiency 
to those they love. And they call it business. It is not business. 
It is gross ignorance, it is stupidity ; and the question, gentlemen, 
is, how we can overcome this stupidity. We can only overcome 
it through education; that is the best way. And how can we 
educate? The ordinary process of education is very, very slow 
indeed. 

Education is a very slow process, but it can be quickened by 
passing compulsory statutes that will compel people to do things 
that they would not otherwise do. We recognized that last 
year when we passed our laws for compulsory education. But 
up to this date we have no law requiring that the children being 
educated shall be surrounded with healthful conditions, which 
is the very first principle of education. Why are we so slow in 
that? Now, if we could get a statute passed that would compel 
people not only to send their children to school—and you 
know a great many of them would not do it unless they were 
compelled to—but would cgmpel them to build proper schools, 
oh, what an advance it would be. It would be strength and 
happiness and money in our pockets right away. 

Now such an effort was made before our last legislature. A 
bill was carefully drawn that required sanitary schools hereafter 
to be built, and more than that, it required medical school in- 
spection. I have a copy of that bill before me. I wrote it 
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myself. It passed the Senate without the least bit of trouble, it 
passed the House the third reading, and within four members 
of the hundred in that House were promised to vote for it, and 
yet it did not pass—a very curious situation. It was a political 
matter—nasty, filthy, rotten politics, which governs us so fre- 
quently. There is a copy of the bill. It is entitled “Senate 
Bill No. 15. A bill for an act entitled An Act to protect and 
conserve the health and lives of school children by providing 
for their medical inspection, by providing healthful 'school- 
houses and requiring the teaching of hygiene.” 

President Snow: It is hard for your President to express 
in any fitting manner, voicing your sentiments, his appreciation 
of this address by Dr. Hurty. I feel that we have been touched, 
we have been appalled by the statements that have been made. 
At the same time we have been enthused to proceed along the 
lines we have had pointed out for advancing or benefiting or 
promoting compulsory legislation in all public buildings in ac- 
cordance with the standards that the Doctor has established. I 
think, however, we have been impressed more clearly with our 
duties and with our opportunities in this respect. I think it is 
safe to state that every one of us has seen school buildings 
exactly as Dr. Hurty has described, and know that they exist to- 
day, and know of the necessity for these compulsory ventilation 
laws. We have that work of public welfare which it seems to me 
must yield the greatest rewards and the highest satisfaction to 
this Society. I wish to thank Dr. Hurty most heartily on behalf 
of the Society for his very able address on this subject, and I 
think I can assure him that it will do good in promoting the 
things to which he is devoting the major part of his life and his 
time. 

Mr. Weinshank: In addition to the expression of gratitude 
to Dr. Hurty for his lecture to-night I make a motion that a 
vote of thanks be expressed to Dr. Hurty for his lecture, as an 
expression of the thanks of the Society. aie 

President Snow: The motion has been made and seconded, 
which the chair has pleasure in putting, that a vote of thanks 
of the Society be tendered to Dr. Hurty for his address and 
that it be spread upon the minutes. 


(Carried unanimously by a rising vote.) 
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Mr. Weinshank: I would like to ask Dr. Hurty whether 
or not he has in view the subject of factory ventilation. 

Dr. Hurty: Yes, we have a factory law, but it is not efficient. 
It is not what we should have. It simply says that ventilation 
shall be provided, but does not say specifically how much. It is 
very meager, and that too should be amended. We have that in 
view. 

(On motion the meeting adjourned. ) 


Fripay Morninc SEssION. 


Indianapolis, Ind., July 16, 1909. 

The meeting was called to order at 10.45 a.m. by President 
Snow. : 

President Snow: I will request Mr. Feldman to read his 
paper on “A Combination Ventilating, Heating and Cooling 
Plant in a Bank Building.” 

Mr. Feldman read the paper which was discussed by Messrs. 
Davis and Macon. 

The following topics were then briefly discussed : 

No. 7.—The average temperature of the air from registers 
in furnace heating systems with inside air supply. 

No. 8.—The proportional reduction in velocity of air flow 
and loss of temperature in a rectangular flue of 4 x 12 inches, 
compared with an 8-inch round flue, both working on gravity 
with an initial temperature of 140 degrees. 

No. 9.—The requirements as regards tightness that should 
be met where a vacuum house heating system is to be installed. 

No. 10.—The guarantee that should be given as to the amount 
of steam that may pass into the returns in a vacuum return line 
system of heating. 

(The session then adjourned until the afternoon. ) 


Fripay AFTERNOON SESSION. 


The meeting was called to order at 2.30 p.m. by President 
Snow. 

A paper was read by Mr. W. H. Whitten: “Examples of 
Wind Effects on Ventilation and Heating.” 
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The paper was discussed by Messrs. Donnelly, Chew and Prof. 
Carpenter. 


The following topics were presented, but no discussion fol- 
lowed : 


No. 11.—The relative value of window ventilators and coil 
heated aspirating flues for school buildings heated by direct 
radiators. 


No. 12.—The effect on the ventilation of office buildings heated 
by direct radiators where weather strips are used on the windows. 


No. 13.—The additional direct radiation necessary to provide 
for ventilation in the rooms of residences, particularly bath 
rooms. ; 


No. 14.—The velocities of flow secured in hot water heating 
systems at different temperatures and heads. 


Mr. Donnelly: I would like to make a motion for the appoint- 
ment of a committee or two before we adjourn. I think the in- 
vestigations of committees along the line of air washers and fan 
blast work and these other things have been producing wonder- 
ful results, and there are two other topics which we want com- 
mittees on; and unless we can frame good names for the two 
we cannot distinguish them very well. My motion is that we 
appoint a special committee to gather data in regard to appliances 
and methods of operation of mechanical vacuum systems, and 
another committee on atmospheric vacuum systems. I apply 
these two classes of systems, one covering the vacuum return line, 
and the vacuum air line system, probably, to the other, which has 
come to be known as the atmospheric vacuum system. I do not 
think we can do any better work in the Society than in properly 
distinguishing names for these two systems. Sometimes both 
of them are confused with vacuum cleaning systems, and there 
is a great deal of confusion between the two in the trade. 

I make a motion for the appointment of those two committees 
for collecting data, and hope it will prevail. 

The motion. was seconded and carried. 


(On motion. the meeting adjourned. ) 
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THE EFFECT OF PAINTING RADIATING SURFACES. 


BY JOHN R. ALLEN. 


(Member of the Society.) 


The experiments described in this paper were conducted in 
the Experimental Laborafory of the University of Michigan. 
The apparatus used for testing the radiators has been described 
previously in connection with the discussion of a paper presented — 
before the Society. In conducting the experiments to deter- 
mine the effect of painting upon the heat transmission through 
radiators, two flat cast iron boxes were used in place of the 
radiators. 


DESCRIPTION OF THE APPARATUS. 


The apparatus used may be described as follows: The two cast 
iron boxes were placed near the inside wall of the room in the 
same relative position to the outside wall surface. On the floor 
below steam was admitted to a chamber through a reducing press- 
ure valve. From this chamber, with nearly equal lengths of 
pipe, steam is conducted to the radiating surfaces. This piping 
is heavily covered with hair felt. Condensation from the two 
radiating surfaces is conducted to two chambers which are used 
to accumulate the condensation. These chambers are provided 
with gauge glasses so that the condensation in the chambers 
may be maintained at a uniform level. The condensation is 
drawn through valves from these chambers to the cooling coils 
on the floor below. The condensation after being cooled so as 
to avoid steaming, is weighed in tubs. Valves below the cham- 
bers are set so as to obtain as nearly as possible a uniform dis- 
charge of water from the chambers. The usual period of time 
during which tests are conducted was three hours, and before a 
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test was accepted as correct the condensation for two successive 
hours was compared and a test was not considered satisfactory 
if the condensation for two successive hours varied more than 
2 per cent. 


METHOD OF MAKING THE TESTS. 


The method used in determining the effect of painting the 
radiating surfaces was to leave one radiator unpainted and paint 
the other. The heat loss from both radiators was determined 
in each test, and the ratio of the heat loss of the painted to the 
unpainted radiator was termed the efficiency. During the tests, 
readings were taken of the temperature of the steam entering 
the radiator, of the temperature of the water leaving the radia- 
tor, of the steam pressure, of the temperature of the outside air; 
the moisture condition was determined by a wet and dry bulb 
thermometer, and the temperature of the room was taken in 
three different places. Thermometers subject to radiant heat 
had their bulbs protected with paper cones so as to avoid error. 
The actual surface of the radiators used was obtained by care- 
ful measurements. 


READINGS TAKEN. 


The actual surface of radiator No. 1 was 9.99 square feet; of 
radiator No. 2 the actual surface was 9.9 square feet. The 
steam pressure maintained throughout the entire test was 4% 
pounds gauge. All readings given in the following table (page 
233) of results are corrected readings. Corrections were made 
for steam gauge and thermometers both before and after the 
test. The table gives the principal results obtained from these 
tests. 

Column 10 of the table headed “ efficiency” gives the heat 
transmission of radiator No, 2 as compared with radiator No. 1, 
which has been assumed as a standard and was left unpainted 
during the test. In comparing the effect of the various coats, 
the efficiency, as given in column 10, has been taken as a basis 
of comparison. Tests 1 and 2 were made with both radiators un- 
painted and an average of the results gives a difference in the 
heat transmission in the two radiators of 0.1 of 1 per cent., so 
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that they are assumed as having practically’ the same heat trans- 
mission value. Lines Nos. 3 and 4 show the effect of painting 
radiators with two coats of copper bronze for each test. The 
results of the test show a reduction in the heat transmitted by 
the radiator of 24 per cent. On top of these four coats of cop- 
per bronze two coats of terra cotta enamel were applied. The 
result of the additional two coats was an increase of 3.8 per 
cent. above the transmission effect of the bare radiator or 28.6 
per cent. above the transmission effect of the radiator with a cop- 
per bronze finish. On top of these coats of terra cotta enamel 
were applied two coats of copper bronze, the same as was ap- 
plied previously, and the loss in the conducting capacity was 
shown to be about 26.5 per cent. This is about the same re- 
sult as was obtained in the first experiments with copper bronze. 

In order to determine whether this loss in heat transmission 
was produced by the pigment of the paint or by the vehicle car- 
rying this pigment, test No. 7 was made using only the vehicle 
which was a light brown varnish. This test shows a loss of 2.8 
per cent. as compared with the unpainted radiator. The same 
’ was true when a light oak brown varnish was used. This var- 
nish was applied on top of the coats as previously mentioned. 
The varnish was followed by two coats of aluminum bronze, 
and the heat transmission was nearly the same as that shown by 
the copper bronze, namely a loss of 27 per cent. 

The interesting fact is that the transmission of heat was al- 
most the same with 14 coats of paint applied to the radiator as 
with two coats, and that the effect apparently depended upon 
the last coat applied and the intermediate coats through which 
this heat was transmitted had very little effect upon the heat 
transmission. That is, the heating effect of the radiator was 
more affected by the condition of the surface than by the mate- 
rial through which the heat was conducted. 

Tests 10, II, 12, 13, 14 and 15 were started with two coats 
of aluminum bronze. The heat transmission was practically the 
same as for the aluminum bronze in Test No. 9 in which twelve 
coats of other paints had been applied, showing, as previously 
stated, that the various coats underneath the last coat made very 
little difference in the heat transmission. These coats of alu- 
minum bronze were followed by a series of enamels of different 
colors as stated in table. You will note, as shown in test No. 
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12, that the snow-white enamel gave the best results. The 
lowest result was given by “no lustre” green. The extreme 
difference due to color was about 5.4 per cent. 

Tests 16 and 17 were made using a different vehicle for car- 
rying the pigment. You will notice in these tests that copper 
bronze and shellac seem to give better results than copper bronze 
and linseed oil, so that the vehicle may have some effect in the 
value of the heat transmission of paints. Tests 18, I9 and 20, 
made with white lead paints, show that the transmission effect 
with white lead and oil is practically the same as for unpainted 
radiators. These white lead paints were followed by coats of 
zinc paint, as shown in tests 21, 22 and 23. For the light green 
and white the transmission effect was practically the same as for 
unpainted radiators. For terra cotta there was a slight reduc- 
tion in heat transmission. 

These tests covered a period of about three months. They 
seem to show that the poorest coverings are the copper and alu- 


3.0 


FIG. I. 


minum bronzes; the best materials tried were the enamels, while 
white lead paints and zinc paint are only slightly less in trans- 
mission effect than a coat of enamel. 


EFFECT OF HUMIDITY. 


From columns 9 and 11 the curve shown in Fig. 1 has been 
plotted. This shows, as has been pointed out before in a pre- 
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vious paper, that the rate of transmission of heat varies with the 
humidity; that the higher the humidity, the lower the rate of 
transmission, the probable variation through ordinary ranges of 
humidity being about 10 per cent. in the coefficient of radiation. 


DISCUSSION. 


Mr. Macon: In Prof. Allen’s paper he shows that the heat 
emitted from a direct radiator is decreased as the amount of 
humidity is increased. I asked him if he had any theory for it. 
He said the best reason he could find was this: that the heat is 
given off from the radiator in two ways: by radiation and by 
convection. The radiation will be the same without regard to 
the amount of vapor in the atmosphere; the convection we might 
have, if any, would be greater, under the impression that the 
vapor would help in the conduction of the heat itself. He thinks 
it is attributed to the fact that when one has vapor in the air its 
density is less per unit of volume, and therefore the weight of 
air passing over the heated surface in a given time is less with 
a greater percentage of humidity. 

That seems all very well except when you try to reconcile that 
with the experience of the human body in cold atmospheres, when 
the relative humidity is high. We all know that it is a great deal 
more disagreeable in New York, for example, in winter than it 
is in Dakota. So far as our bodies tell us, we have got a greater 
heat emission in cold weather with a high percentage of humidity 
than we have in the Dakotas, and I cannot quite see how to rec- 
oncile the two points. 
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HEATING AND VENTILATING SYSTEM, FINNEY 
CHAPEL, OBERLIN COLLEGE, OBERLIN, OHIO. 


BY B. S. HARRISON. 


(Member of the Society.) 


In laying out the systems of heating and ventilation for this 
building, the following conditions controlled: 

Steam was to be taken from the street mains of the American 
District Steam Co., at a pressure of between % Ib. and 5 lbs. 
gauge. ‘ 

The building to be in use (in part or in whole) for short 
intervals with long intervals between, of no heat. 

It was desired to be able to heat up quickly in part or in 
whole. 

Ventilation was imperative at times and at other times not 
desired. 

The first cost and the annual operative cost were both im- 
portant items. . 

For the above reasons the systems adopted and laid out as 
shown by the accompanying sketches were, a single pipe sys- 
tem of low pressure steam direct radiation, supplemented with 
a fan blast system and a fan exhaust or vent system. The 
7-inch steam supply main from the street is pitched to drain 
back to the street main until a point is reached under the tower 
of the building where the main rises to the first floor beams 
and then pitches to the fan room where it is bled to a trap. 

In the apparatus room three branches are taken from the 
main with valves where they leave the main. One feeds the 
blast coils and two of them supply the direct radiation of the 
building. The single pipe mains are pitched with the flow of 
steam and a condensation return lize taken from the end of 
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each run. All risers to radiators on the first floor and balconies 
are taken off single pipe and dripped back into the mains. 

The branches for ceiling coils in the choir room and ante 
rooms under the apse are taken off with two pipe connections, 
the condensation returns being connected into the returns 
from the ends of the single pipe mains. 

All direct radiators in the first floor and balconies are con- 
nected up at both ends with a blind nipple between the 4th and 
5th loops of a 12 loop radiator, thus dividing it into % and %. 
Air valves are placed on the 4th and sth loops. 

The fan blast system is arranged so that in warming up the 
building the air may be recirculated by closing the air outlet 
doors of the vent fan chamber, closing the fresh air inlet doors 
of the heating fan chamber and opening the door between the 
two fan chambers. 

The heating fan is arranged in a blow through rig with mitre 
type of 1 inch blast coils. The condensation from the steam 
blast coils, from the direct radiation system and the drip from 
the steam supply main are all passed through low pressure 
traps into a hot water coil group under the steam blast coils, 
as shown on the sections. The heated air from the fan system 
is introduced into the auditorium at about 8 feet 6 inches from 
the floor and the foul air is taken out at the floor line. 

Hand control is used throughout. 

The steam blast coils are 12 rows deep, they are double 
group 4 feet by 5 feet sections, the total steam coil surface 
being 2700 lineal feet actual, with a total free area through the 
double group of 2400 inches. The fan is 6 feet by 3% feet, 
three-quarter housed, driven by an A. C. 220 Volt, 60 cycle, 2- 
phase motor connected to the fan by means of a Morse silent 
chain. The motor has a speed regulation of about 20 per cent. 
At full speed the fan delivers 24,000 cubic feet of air per minute. 
The total free area through the steam and water coils is 22 
square feet. The velocity of air through them is 1100 feet per 
minute. At this velocity, with steam at 220 degrees F., and 
the incoming air at o degree F., the rise of temperature 
through the steam coils is about 90 degrees F. 

The condensation from the steam coils under these condi- 
tions is figured at 2000 lbs. 





HEATING AND VENTILATING SYSTEM, FINNEY CHAPEL, OBERLIN COLLEGE. 237 


PIPE COILS 
1"bia 14 
vIPE COILS 
4 pipes 1 Dia 6'6 


” 
” ru. 


PIPE COILS 
PIPES 101A 6'6 LONG 
si ae 
12x 44 
rec.j2"x 14" 








eo"'x 14° 














238 HEATING AND VENTILATING SYSTEM, FINNEY CHAPEL, OBERLIN COLLEGE. 












ae 
12x12" 12x10" 






































COL.38 52 SQ.FT. 


i] 
| $8 COL.38 120 SQ.FT. 


" 
COL.38 52 SQ.FT. 


THESE 5 RADIATORS 
ON BRACKETS ON WALL 







































10x9" 12% 16 


wy] tex 12 12x 16% 
3] 2 COL.38 20 SQ.FT. 
an 
a low ni. —Ii| ni i> 
36x 18 fea = Sou x 18 \ Za) 
12° 12" = —— & 
\ [| wy 
.€) 661.38"110 8a. FT. r ———— tle e 
i T 
12x | —~! REGISTERS 36x 36. U 
HEAT REGISTERS 36x 360 /— 
4000 
2 COL.38 40 8a. rr) 
Bw a 


3S 13. 


q 


2 COL.38 40 SQ. Ft.|) J 


VENT REGISTERS 24 X 22" 
6 FROM FLOOR 


VENT REGISTERS 24 x 22 {) 
6 FROM FLOOR 


NOTE:- 


J 


2 COL.38 40 $Q.FT. |/{] 








REPEAT RADIATORS ON 
OTHER HALF OF PLAN () 


” . 
| < HEAT REGISTER 30 X 18° 


> O 
‘ ‘ 


o” 
a—t 
6-6 

s 
- 








2 COL.38 40 SQ.FT. 





OVER VENT REGISTERS 


*o VENT REGISTER 30 x 22" 
ne a dao a 
- 
! 

. eed 


' 
a 0) 
“e 
OETAIL A’? 


OFFSET HEAT REGISTERS 
OVER VENT REGISTERS 


| a v =a 





— 





SEE DETAIL / A? SEE DETAIL A - 
at ad — 
8 COL. 38 ‘128 S8Q.FT. 


<8 7 
Pa | 


cot, 38) en FT.) 


8 coL.38. "128 8Q.FT. 


=i aa 


=. 








. 

4 

p | 
” 

nS 
; 

Bt 
4 

Bes 
i 
‘ 

















Tm 











Witae 


HEATING AND VENTILATING SYSTEM, FINNEY CHAPEL, OBERLIN COLLEGE. 239 













RIDGE VENTILATOR 
4'x 6’ SUPPORT FOR 
BLAST COIL STEAM HEADER 


2' PLANK’ PLATFORM. 
BLAST COILS TORES 





t10 
ING COILS 
SUPPORT FOR SUPPLY 
oc Liaiianons HEADER OF COOLING COILS 

COIL PLATFORM 

ISOMETRIC VIEW 
SHOWING 

PLATFORM FOR SUPPORTING BLAST AND COOLING COILS 


BLIND NIPPLE 


WE), FLOOR LEVEL * 


















































? ‘BLIND NIPPLE |; 
SECTIONAL ELEVATION TYPICAL ARRANGEMENT 
SHOWING OF 
PIPE CONNECTIONS TO RADIATOR PIPE CONNECTIONS TC RADIATOR 
METER 
3 
1 Tear 134" TRAP ye To Sewer 
* CONDENSATION COS, 
POUT E_onees i FROM BLAST cons “fet 
' u 4 ; 
134/I \ tite CONDENSATION RETURN 3" gow saith; ettat=t | 
vdieo FROM UIRECT RADIATION 412 ans 7 oF : 
: Bor 12 
4 « i Tr 
1 1” ' ‘ 
Nae ' | 
aio" " 
| 2|*|2 - | 12% 
i 
bot of i 
” 2h: TT | 
1] - te : | ’ 
\ i 3 E3 cei STEAM ' \ ; 
| = 3" < H 
LL 2i,. om in. H ion | 
o” | elon - 
, te Al 
tg’ Ayo } ORIP FROM STEAM want ji | 
' 1 “ ° 
nmr 3 25 cnc VALVES vate tune? Gon =n e 
7 i 
ws A RAST CONS aye"h ong” 
DIAGRAMATIC LAYOUT DIAGRAMATIC LAYOUT 
SHOWING SHOWING 
PIPE CONNECTIONS TO BLAST COILS =" ae CONNECTIONS TO COOLING COIL&@ 
Fit —-— 04 -— 0 —- en 
STEAM SUPPL’ STEAM SUPPLY 
BLAST CONS 
. 
T 
GALV.IRON SHEET. BLANK THEBE SPACE: GALV.IRON SHEET 
WOODEN suPPORT F—"OODEN suPronT 

















RETUR [——— . } 
ASE OF BLAST COIL § 


ag | NS PLATFORM 
PLATFORM >| pe = 














DENSATION RETURN [— CONDENSATION RETURN 
| in 2 CASING ~ 
DIRECT RADIATION / COOLING COMS 6 FROM UIRECT RADIATION 
ie } ANK THESE SPACE: . 





Co) » & 
H.W.SUPPLY TO SEWER 
ReTUMn aly Mwoverrs §4__Jo sewer, 


¥ , ’ 
W - F139 ~_ area, at 
WOODEN FRAME GALV now sHeRT BRICK PIERS GALV.IRON SHEET \~ WOODEN FRAME 


WOODEN suPPORT WOODEN SUPPORT 
: DIAGRAMATIC ELEVATION 


i } 
od (ren) 








HOWING 
BLAST AND COOLING COILS 


PIPE CONNECTIONS TO SAME 


QZvhaaea 











2 COL.38 55 SQ.FT. 
™“ 





2 COL.38 55 SQ.FT. 


240 HEATING AND VENTILATING SYSTEM, FINNEY CHAPEL, OBERLIN COLLEGE. 





‘l) | 8 Cot.38 128 S.FT. 


: 


P 
3 CO1..38 128 SQ.FT. 












” 

3 COL.38 128 8Q.FT. 
" 

| | 3 COL.38 128 8Q.FT. 
" 

3 COL.38 128 SQ.FT. 


* 


i 3 COL.38' 128 SQ.FT. 










































Bb X 9% “Oa 





7m 


ing 


HIYV MO11SA NI NMODG 
Qzu4uvVd 38 O41 LONG LIN3A SIHL 


HOLVTILINGA OF 
“ 


_ 
+ 
N 
tj 
a 
a 
a 
°o 
Cc 
a 
= 
a 
~ 
a 
a 
° 
a 
fa 
yy 
< 
td. 
s) 
ral 
& 
a 
4 
_ 
i) 
a 
= 
& 
n 
Pa 
n 
oO 
a 
_ 
& 
< 
a 
_ 
b 
i 
a 
4 
< 
Oo 
a 
_ 
< 
< 


YOLVIILNA 
’ 

















242 HEATING AND VENTILATING SYSTEM, FINNEY CHAPEL, OBERLIN COLLEGE. 


The total amount of direct radiation is 4095 square feet, and 
the condensation from the same is estimated at 1024 lbs. 

The water coils are 12 square feet gross area or about 5 
square feet free area. 

The total condensation to be passed through the water coils 
is 3024 lbs. 

The amount of air passed through the water coils at 1100 
feet per minute is 330,000 cubic feet per hour. 

If the water in the coils is cooled from 200 degrees F. to 
100 degrees F., the air passing through will be heated from 
o degree F. to 46 degrees F. 

On this basis it was figured that the depth of water coil re- 
quired was I0 rows, but the coils were made 12 rows deep to 
preclude the escape of hot water to the sewer under any condi- 
tion of operation. 

The temperature of the air leaving the heater case is con- 
trolled by hand regulation of the steam coils. 

The discharge from the water coils is trapped to the height 
of the return base of the steam coils to insure the water coils 
being kept full, and is then passed through the American Dis- 
trict Steam Co.’s meter and connected with the sewer. 

The water coils are bled dry when the system is closed down, 
by means of hand valves in the bases. 

In order to provide a means of gravity ventilation when the 
fans may be shut down, a ridge ventilator extends the full 
length of the ridge of the building roof, with butterfly dampers 
in it controlled by means of cords and pulls from the first floor. 

The plant has been in operation over a year and has proven 
very satisfactory of operation and control, the results being 
very close to the figures used in laying the work out. 


DISCUSSION. 


Mr. Feldman: In connection with the radiator that Mr. 
Harrison has shown, dividing it with a blind nipple, so as to 
use one-third of the radiation in mild weather and two-thirds 
in colder weather. I know a party in New York that has got- 
ten up a system. 

When applied to a large radiator, say fifteen to twenty sec- 
tions, a drainage pipe (usually ™%4-inch) is taken from under- 
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neath the second section counting from the inlet or. supply 
end, and is carried under the body of the radiator to the return 
pipe on the far side of the outlet valve. See Figure A. 

When applied to a small radiator a drainage chamber, as 
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shown in Figure 2-B, is screwed into the inlet end of the radia- 
tor, and from a point between the radiator and the inlet valve 
a small pipe is taken from this drainage chamber, and is car- 














OUTLET VALVE | 






























































IWIW 


7 a 
DIVWIW ASA) 
pa at DRAIN PIPE — J 


Fig. 1-B 























ried to and connected with the return connection, as shown in 
Figure 1-B. 

The drainage chamber fits flush with the bottom of the radia- 
tor. 
To get full effect of the entire radiator, both inlet and outlet 
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valves are open and the drainage chamber performs its func- 
tion, not only in keeping the “hammer” silent, but satisfactorily 
empties each radiator section of air and mechanically carries this 
air down with the descending water of condensation. To get 
partial radiation close the outlet valve and let steam in from 
the inlet valve; the drainage chamber still prevents the “ham- 
mer,” but the air is now trapped in all sections except those 
nearest the drainage chamber. 

These sections are kept free from air and remain hot while 
the sections at the far end are full of air and remain cold. In 
practice from one-half radiator to two or three sections remain 
hot, according to the location of the drainage chamber and 
pipes. 

No air-valves are used on a two-pipe system, but are used 
on a one-pipe job. 

President Snow: Any air valves? 

Mr. Feldman: He puts an air-cock on a one-pipe job. 

Mr. Donnelly: I would ask Mr. Feldman is that a three- 
way valve? 

Mr. Feldman: Either use a three-way valve or a valve above 
the drainage connection. 

Mr. Tait: I would like to ask how he gets rid of the air? 

President Snow: He has an air-cock up here which has not 
been indicated. ; 

Mr. Tait: I understood him to say he could get along with- 
out it. 

Mr. Feldman: He puts an air-cock only on a one-pipe job; 
on a two-pipe job I tested it. myself and found it working all 
right without the use of an air-valve; it seems that the two 
drainage connections answer the purpose. 

Mr. Tait: I understood you to say it could be worked without 
it. 

Mr. Feldman: Yes. 

Mr. Tait: I would like to ask Mr. Feldman another question. 
Is that a hot water radiator, a steam radiator or a hot air 
radiator? 

President Snow: A steam radiator, with nipples only at the 
bottom. 

Mr. Feldman: Yes, an ordinary steam radiator. 

Secretary Mackay: I think that as the radiator has to be 
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operated by the ordinary help in a building, the one shown 
using a steam instead of a hot water radiator, would be best. 
That would be simpler to operate, because you have a valve on 
each end of the radiator, similar to a two-pipe radiator; opening 
one gives a partial radiation and opening two gives the whole ra- 
diation. I think it is simpler to use because the hired help would 
not think of the valve under the radiator. I do not know why 
Mr. Harrison used the water type of radiator. 

Then as to Mr. Feldman’s sketch, it'would seem that while 
the radiator has two valves on it, it would be impossible to shut 
the radiator off from the system without a valve on the small 
drain pipe, and if used on a gravity apparatus in that way, when 
shut off, the radiator would fill up with water, lowering the 
water in the boiler to an extent that might be dangerous if many 
radiators were closed, and while claiming to give greater control 
of the radiator it really prevents a proper control of it. 

Mr. Feldman: If the air-cock is closed and the return valve 
at the bottom is also closed, only one part of the radiator is 
heated up; when the air-cock and return valve are opened the 
entire radiator is heated up. 

Mr. Hale: I will ask Mr. Feldman if he would not get the 
same result with a one-pipe air-valve. What is the use of hav- 
ang this connection? 

Mr. Feldman: With one radiator five sections are heated up 
right away. About one-third of the radiator was heated up 
that way and no more. 

A Member: What is the pressure? 

Mr. Feldman: Just the pressure of the rest of the system, 
about one or two pounds. 

Prof. J. D. Hoffman: It could be done a great deal easier 
than that by simply putting an automatic valve on the supply 
end of the radiator and a compression cock on the other end. 
The automatic valve will take care of two or three laps on the 
radiator, provided the compression cock is closed; then when 
they want the rest of the radiator heated up they can open up 
the compression cock and heat the whole radiator. With the 
compression valve closed it will heat up three laps of the radia- 
tor. 
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SAFEGUARDING OUR PROFESSION. 


BY WM. M. MACKAY. 


(Member of the Society.) 


While we possibly number among our members two-thirds of 
the competent heating and ventilating engineers in the United 
States, it is a positive fact that we do not number 20 per cent. of 
those who attempt to design and superintend the installation of 
heating and ventilating apparatus, and who, in many cases, lack- 
ing knowledge and experience in the subject, design apparatus 
which, on account of their lack of experience, is faulty both in 
design and operation and is neither efficient or economical, bring- 
ing discredit on the entire profession. This is more noticeable 
in pyblic work, such as schools and public buildings, where, in 
many cases, a competent heating and ventilating engineer is not 
employed, but where the heating contractor is also the designer, 
and as in this class of work it is customary to accept the lowest 
bid regardless of the efficiency or completeness of the apparatus 
for the purpose intended, many of these buildings which should 
be the best models of heating and ventilation, are the poorest, and 
are, in many cases, through the lack of knowledge and experience 
of the designers, dismal failures. 

At the last annual meeting of the Society I spoke on this sub- 
ject under a topic, “ The Necessity for Having Ventilation Laws 
Apply to the Installation of Apparatus in Old as Well as New 
Buildings,” citing a case whére a school board composed of fif- 
teen members, in a State which has a school-house ventilating 
law in force, employed a person who had no knowledge of the 
existence of the law and no previous experience, to design a ven- 
tilating apparatus for a large school building built some years 
before. After he had completed his design they employed an 
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architect, licensed by the State, to draw up*the contract which 
was taken by the designer, and the work was installed. 

After he had completed the contract I was called in to pass 
on the work before its final acceptance and payment. Up to this 
time they were of the opinion that the apparatus, which had been 
placed during the summer vacation and not operated, was all that 
they anticipated and desired, and they merely wished it approved 
before making the final payment. I had to tell them that the ap- 
paratus did not come within 75 per cent. of complying with the 
State law, that it had many faults which were both dangerous to 
health and life, but that the contractor had done all that he had 
agreed to under the proposition except that, having designed and 
installed the apparatus, he did not comply with that part of the 
proposition where he agreed “to do this work in the best pos- 
sible manner,” and that they, as a school board, and their licensed 
architect, should at least know and comply with the law. 

I also cited another case of a twelve-room school-house in the 
same State which was formerly heated by hot air with no attempt 
at ventilation. I advised with the school board as to the best 
and most economical manner of placing a steam heating and ven- 
tilating apparatus which would comply with the State law. The 
school board found that the law did not apply to buildings al- 
ready constructed, and so they finally decided to place an ordi- 
nary direct-radiation heating apparatus, with no ventilation, in 
this building occupied by over six hundred scholars, although 
the saving in cost on the entire apparatus was only about 20 
per cent. below what a complete heating and ventilating appa- 
ratus would have cost. 

I took this matter up with the State Superintendent of Public 
Instruction, and he wrote, “I regret to advise you that the law 
does not compel the Board of Education to provide a system of 
ventilation when a heating plant is installed in a school build- 
ing erected prior to the enactment of the law,” and when I told 
him that I would use my utmost endeavors to secure legislation 
which would insure suitable provision for the ventilation of a 
building when a new heating plant was installed, he wrote, “ The 
information contained in my letter was given with some reluc- 
.tance as a great majority of boards of education believe that 
provision for ventilation must be made in all such cases.” 

Dr. A. B. Poland, Superintendent of Public Schools, New- 
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ark, N. J., at the National Convention of the Society for the 
Study and Prevention of Tuberculosis, at Washington, D. C., 
last May, made the following statement, in the course of his re- 
marks on “ Relation of Public Schools to the Anti-Tuberculosis 
Movement,” which was published under the heading: 


“Few ScHoots Property VENTILATED AND HEATED.” 


“ Having attempted to show by the foregoing that the school 
is an important, necessary and desirable ally in the campaign 
against tuberculosis, I wish now to mention briefly some of the 
ways by which the school can make its service most useful and 
effective. 


SCHOOL CONSTRUCTION DEFECTS. 


“1. As to Selection of Sites for School Buildings.—It is a 
shameful fact, but none the less true, that in most of our cities 
until quite recently, little or no attention has been given to the 
selection of school sites, except upon grounds of convenience 
of access by pupils or upon grounds of economy. The notion 
that sunlight as well as abundant air and exercise have any im- 
mediate and necessary relation to school efficiency, has been 
rarely or never considered. One of the immediate effects of this 
anti-tuberculosis campaign will be to compel communities to open 
their eyes with reference to the selection of school sites and the 


location and orientation of school buildings. 


“ Sunshine, it is said, is one of the surest and deadliest ene- 
mies of the tubercle bacillus; certainly the cheapest, when it can 
be got for nothing. But few of our school architects have ever 
taken the question of sunlight into consideration in placing a 
building on a school site. On the contrary, school boards and 
school architects have stuck tenaciously to the traditional oblong 
type of school building and placed it so that at least one-half of 
the building would rarely or never get a ray of direct sunshine. 
Types of school architecture have been developed, and others 
should be, which will fit on a site of any shape or dimension and 
which will admit sunshine into every room for a part at least of 
each day. The principles of orientation of school buildings have 
yet to be studied and described. 
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“2. As to Construction of School Buildings, Including Light- 
ing, Heating and Ventilating.—During the last few years there 
has been great progress in school-house construction. In sev- 
eral States sanitary regulations as to space, heat and light have 
been established by law. Much more remains, however, to be 
done. Problems of lighting, heating, ventilating, cleaning, air- 
ing, dusting, and disinfecting are still in most instances far from 
being satisfactorily solved. Take, for instance, one problem, 
that of artificial ventilation. I have yet to learn of very many 
school buildings where a perfect, or, indeed, approximately per- 
fect system, considered, of course, from the standpoint of the 
hygienist and not from that of the engineer responsible for in- 
stalling it, can be seen in operation. 


WRETCHED VENTILATION SYSTEM. 


“Scattered throughout the country are school buildings by 
the thousand wherein artificial heating and ventilating appara- 
tus has been installed that is not only practically useless, but 
worse than useless, since it compels school children to breathe 
noxious and often fetid air, when only the window separates 
them from God’s pure atmosphere. ; 

“ But it is forbidden to open the windows! Talk of jugger- 
nauts, there never was a more hideous juggernaut than that of 
a worthless system of artificial school ventilation. It is not my 
purpose to inveigh against artificial heating and ventilating; far 
from it, but I do protest most emphatically against those pseudo 
and abortive systems so frequently installed even by some of our 
most distinguished heating and ventilating engineers. 

“T have in mind as an instance a school building of twenty- 
three rooms, located not far from New York, in the erection of 
which one of the foremost engineers and publicists was em- 
ployed to devise and supervise the heating and ventilating sys- 
tem. No care nor expense seems to have been spared ; but when 
the system was put in operation six of the twenty-three rooms 
could not be heated, and, of course, could not be ventilated. 
But, despite the protests of superintendent, teachers and pupils, 
the ‘ system’ had to be worked. It had been paid for, and how 
could the cost to the city be otherwise justified ? 
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SAFEGUARDING OUR PROFESSION. 


A HIT OR MISS BUSINESS. 


“The fact is that heating and ventilating are far from being 
a science. Sometimes engineers hit it; oftener they do not. It 
may interest you to know that a friend of mine inspected last 
summer many of the foremost technical and engineering schools 
of France, Germany, Holland, and England. Among other fa- 
mous schools he visited that at Charlottenburg, near Berlin. 
Here is located, as you know, one of the foremost schools of 
architects, and engineering, in all Germany, if not in all Europe. 

“ Discussing heating and ventilating systems, he found that a 
whole group of rooms in the very building in which the profes- 
sors gave their engineering instruction had been cut out from 
the general heating and ventilating system and resort had to 
gravity methods. On inquiring why this was done, he was told 
that the artificial methods didn’t work. On inquiring further, 
‘Why do you teach what is impractical?’ my friend was told, 
‘Only because you have to do it.’ 

“Tf this can happen in one of the foremost architectural and 
engineering schools of Europe, what may we expect from inex- 
perienced engineers by whom too many by far of our American 
school buildings have been experimented with? I am not op- 
posed, however, to appropriate experimenting. We shall have 
to do a great deal more of it.. But I do protest most emphatic- 
ally against the insistence by so many engineers of school 
boards, that under no consideration shall windows be raised 
or lowered, however hot or fetid the air, because it will ‘ queer’ 
the whole system! If the opening of a single window throws 
the whole system out of order let engineers devise a cut-off. It 
should be as easy to cut in and cut out a room in a heating and 
ventilating system as in an electric lighting system. If not, why 
not? Let engineers go to work and find out. 

“Tt seems that this convention, devoted as it is to the problem 
of pure air and open windows, should appoint a committee to 
get facts and to make recommendations upon the suppression of 
the artificial heating and ventilating plague, that is widely preva- 
lent and directly opposed to the anti-tuberculosis movement.” 


There is some truth in his statements. I know of the paftic- 
ular case to which he refers, and I am pleased to say that the 
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party who designed this heating and ventilating system was not 
a member of our Society. There are, however, many thousand 
properly designed heating and ventilating apparatus in this 
country that do operate properly, showing results, efficiency and 
economy. I feel that our Society, which is now in its sixteenth 
year, comprising the majority of the competent and experienced 
heating and ventilating engineers in the country, should devise 
some method to protect its members, other competent heating 
and ventilating engineers, the public, and the children who have 
to suffer from the mistakes of faulty apparatus designed and 
placed, particularly in school buildings, making an annual waste 
of millions of dollars, and bringing discredit on our profession. 
It is along these lines that I asked our Society at the last annual 
meeting, if there should be State control for heating and ven- 
tilating engineers. The opinion of some of those present was 
that this matter would right itself in time, they felt that bring- 
ing our Society more prominently to the attention of the public 
would insure competent heating and ventilating engineers being 
employed for this work, and increase the value of membership 
in the Society. 

I would welcome anything that would improve existing con- 
ditions and that would insure the employment of competent 
heating and ventilating engineers at a fair remuneration for 
this class of work, and which would prevent the employment of 
incompetent or inexperienced persons at any price. 

It is a fact that many professions and occupations less im- 
portant than ours are protected by State laws in many, possibly 
all of the States, preventing any but competent, experienced and 
licensed persons practicing their profession or calling, and it 
seems to me that if State protection is not the proper method to 
safeguard our profession and protect the public from imposition, 
our Society should formulate some plan to protect its members 
and to prevent the public from being imposed upon, and to carry 
out Section 3 of the original objects of the Society, which is, 
“ The maintenance of a high professional standard among heat- 
ing and ventilating engineers.” 
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A COMBINATION VENTILATING, HEATING AND 
COOLING PLANT IN A BANK BUILDING. 


BY A, M. FELDMAN. 


(Member of the Society.) 


The object of this paper is to give data and results of the 
regular operation of a ventilating, heating and cooling plant in- 
stalled in the bank building in New York City of the firm of 
Kuhn, Loeb & Co. In view of the relative scarcity of informa- 
tion of this character and the growing in favor of artificially cool- 
ing air supplied for ventilation purposes it is hoped the figures 
will prove of value. The plant is now in its third year, and 
some interesting facts have been learned with regard to the best 
manner of introducing the cool air in summer, to the use of steam 
heating coils for the refrigerated medium, which, to the best 
knowledge of the writer, is the first time that it has ever been 
attempted, and to the amelioration of drafts from windows, and 
finally to the use of the exhaust air from the banking rooms for 
cooling the engine-room. 

The points to be considered are involved in the part of the 
plant serving the banking offices of Kuhn, Loeb & Co., compris- 
ing about 85,000 cu. ft., in the ground floor of that company’s 
20-story building on William and Pine Streets. The building 
is of L shape, giving light in the rear, with the ground floor 
extending over the entire lot, and a skylight over the exten- 
sion. Mechanical ventilation, to insure a constant supply of 
fresh air with a coincident removal of the vitiated air, is pro- 
vided for the banking offices only. The building has its own 
isolated power plant, which is located in the basement. Two- 
thirds of the ground floor is directly over the boiler and engine- 
rooms, as there is no sub-basement in the building. In the origi- 
nal lay-out the ducts for carrying the fresh air supply to, as well 
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as the exhaust air from the banking rooms were under the ceiling 
of the engine and boiler-rooms, with a result that the fresh air 
was always overheated and odorous from the engine-room, etc., 
through conditions peculiar to the building. Considerable heat 
was also transmitted into the offices through the floor, notwith- 
standing that the latter was insulated underneath with a sus- 
pended ceiling of magnesia blocks. 

The author was called upon to devise a scheme for the intro- 
duction of a supply of fresh air without going through the en- 
gine and boiler-rooms in the basement, also for cooling the 
banking rooms, to counteract the heat from the floor and make 
the occupants comfortable. After a careful study of the situa- 
tion, the author designed a combination ventilating, heating and 
cooling plant, which was installed under his supervision, and 
which has given very satisfactory results for the past three 
years. 


LOCATION OF APPARATUS. 


The blower, coils, air washer, etc., were located on a part 
of the roof over the first floor extension, drawing the fresh air 
from the court formed by the L shape of the building (Fig. 1). 
The discharge from the blower was carried downward through 
the roof, and the ducts were branched under the ceiling of the 
directors’ room, the air also'was led in a duct over the false ceil- 
ing in the main entrance hall, to allow for delivering the air 
through the inner wall of the banking rooms (Fig. 2). A sus- 
pended translucent glass ceiling was built under the unsightly 
ducts in the directors’ room to hide them. All the fresh air 
outlets and registers are near the ceiling, that is, top registers. 
The exhaust registers are in the three other walls near the floor, 
as indicated in the drawing. Thus the fresh air in winter as 
well as in summer is being drawn across the room toward the 
outside walls, where the occupants are usually in sitting posi- 
tions or relatively at rest, so that draftiness is readily discov- 
ered if existing. In other words, there would be danger of 
drafts if the inlet and outlet registers were both in the outside 
walls, because of the tendency of the cool air to descend rapidly 
on the heads, etc. 
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SPECIAL FEATURES OF THE SYSTEM. 


This was found especially to be of great advantage in the 
summer when the air was being delivered at a temperature of 
about 8 to 10 degrees lower than that maintained in the room, 
as the cooler air drops down mostly near the entrance, or public 
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space of the banking office, and not on the heads of the bank 
officials, as would have been the case were the air introduced 
through top registers in the outer walls. 

The exhaust air from the bank is not much vitiated, on account 
of the very large quantity allotted per person, and being cool, and 
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exhausted from near the floor, the author deemed it best to dis- 
charge it into the engine-room, with a result that the temperature 
of the engine-room was reduced more than 10 degrees lower than 
it used to be before this was done. 

To overcome drafts from the windows, plate glass in frames in 
front of them were installed over the top of the direct-radiator 
boxes—the glass extending less than half the height of the win- 





FIG. 3. 


dow—the radiators being between the plate glass and window. 
This stopped the drafts (Fig. 3). 

The blower is of the multivane type, 30 inches diameter, de- 
livering 390,000 cu. ft. of air an hour at a speed of 350 r. p. m. or 
effecting 4.6 changes in an hour. 

The air washer cleans the air by an arrangement of fine water 
sprays, reducing the temperature of the air when the water is 
cool, and by means of eliminator plates the suspended particles 
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of water are removed from the air before itis drawn over the 
heating coils into the blower.. In some of the neighboring low 
buildings cannel coal is being used on old-fashioned grates. 
Large particles of soot are discharged out of the low chimneys 
and they used to be drawn in the banking rooms with the fresh 
air supply of the blower. Also since the United States Assay 
Building is not far away bad odors would occasionally be brought 
in from it whenever the direction of wind was favorable. The 
air washer entirely eliminated these objectionable features. 


SAME COILS USED FOR HEATING AND COOLING. 


As there was no room for the installation of cooling coils in 
addition to the tempering and heating coils, two sets of headers 
were provided with shut-off valves, so that the tempering and 
heating ‘coils are used in the winter for heating the air and as 
cooling coils in the summer by circulating refrigerated calcium 
chloride through them. ‘Of course there are separate steam and 
brine mains leading to the coils. The coils are of the standard 
hot blast mitre type of 1-inch wrought iron pipe, galvanized to 
prevent rusting from the deposit of moisture on the outside when 
cold brine circulates through them. There are six rows of pipe 
aggregating 275 sq. ft. in the primary coils, and twelve rows in 
the secondary coils aggregating 443 sq. ft. surface, or a total of 
718 sq. ft. The steam pipes and headers are insulated with mag- 
nesia sectional covering and the brine pipes and headers with 
standard cork insulation. 

The steam and brine are carried from the engine-room a dis- 
tance of about 8o ft. 

The steam headers are provided with automatic temperature 
regulation which enables them to maintain a uniform tempera- 
ture in the bank (Fig. 4). 

As the apparatus is removed from the immediate supervision 
of the engineers, three recording thermometers were installed: 
one to register the outdoor temperature at the intake of the fresh 
air, one the temperature of the air after it has passed the fan, 
and the third thermometer to record the bank temperature. The 
clockwork and dials are located in the engine-room in sight of 
the engineers (Figs. 4 and 5). 
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THE REFRIGERATING PLANT. 


The refrigerating plant for cooling the calcium chloride brine, 
which is being circulated through the coils to cool the air in the 
summer, consists of a 20-ton marine type machine of the com- 
pression system with cross compound steam cylinders and two 
ammonia cylinders, double-pipe condenser and double-pipe re- 
frigerator. Everything is so piped that one-half of the plant 
could be run in case the other half is disabled (Fig. 6). 
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The author calculated that 30 tons refrigeration were neces- 
sary, but there was no rqom for a larger machine, so a brine 
storage tank was installed with the idea that the machine is to 
be run for a few hours at night time to store up low-tempera- 
ture brine, which helps the machine during the daytime. 

There are two 6-inch by 84-inch by 6-inch duplex steam- 
driven pumps for circulating the brine through the cooling coils. 
The pumps deliver the brine from the storage tank through the 
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refrigerators and up to the coils. The brine. from the latter re- 
turns to the brine storage tank. A meter is installed on the de- 
livery main near the pumps. There are also thermometers. 

The piping, coils and headers are so arranged that were 
there greater capacity in the refrigerating machine, the air 
would be cooled to a lower degree, so as to remove a great deal 
of the absolute humidity. For instance, the primary coils could 
be utilized for cooling purposes and indeed a part of the main 
heater, the other part to be used to reheat the air to the desired 
temperature, controlling it automatically. Under such condi- 
tions a considerably lower relative humidity could be obtained 
in the banking rooms. 

The plant has turned out to be of just the necessary capacity 
to lower the temperature of the outside air about 20 degrees F., 
and maintain the air in the bank 10 degrees lower than outside 
in the hottest weather (Fig. 5). This difference was found to 
give the desired comfort, without causing unpleasant drafts, or 
chilled sensation in entering the room. 

From 14 to 16 rows of coils are used in the early morning to 
bring down the temperature in the bank, which has become 
warmed during the night, and only 12 or 14 rows to do the 
work during the entire day, in the hottest weather, to maintain 
the 10 degrees difference between outdoors and the banking 
rooms. 


TEST NO. I, JUNE 25, 1909. 


Taking for an example an observation and test made in the 
afternoon of June 25, 1909, the following data were obtained: 


Cooling coils used—12 rows, 2 in the primary and Io in the 
secondary coils, or a total surface of 447.6 sq. ft. 

Outdoor temperature, 91 degrees F. 

Outdoor relative humidity, 53 per cent. 

Temperature—the air was cooled down to and introduced into 
the banking rooms at 71 degrees F. 

Average temperature in the banking rooms, 81 degrees F. 

Relative humidity in the banking rooms, 63 per cent. 

Temperature of brine at circulating pump, going out 35 de- 
grees F., returning at 38 degrees F., a rise of 3 degrees F. 
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Temperatures of brine at cooling coils entering and leaving 
same 3514 degrees F. and 3734 degrees F. respectively, a rise 
of 2.5 degrees F. 

Amount of calcium chloride brine circulated through the sys- 
tem was equivalent to 21.5 cu. ft. per minute. 


REFRIGERATION ACCOMPLISHED. 


Taking the weight of a cubic foot of calcium chloride liquid 
at the density which was being used as 73 lbs., also assuming 
the specific heat as 0.82 the heat (H) absorbed by the brine 
from the cooling coils, and therefore from the air in an hour 
would be equal to (21.5 X 73 X 2.5 X 0.82 X 60) = 193,048 
B. T. U. 

One ton refrigerating capacity is defined as being equal to the 
heat transfer involved in the freezing or melting of 2,000 Ibs. of 
ice in 24 hours. The latent heat of ice being 142.2 B. T. U. per 
pound for 2,000 lbs., this represents 284,400 B. T. U. per 24 
hours, or about 12,000 B. T. U.-per hour. 

In other words, 1 ton refrigerating capacity for one day is 
equivalent to the performance of 12,000 B. T. U. every hour. 
If we divide the total heat (H) as calculated by 12,000, the re- 
sult will be the tons of refrigeration accomplished by the brine 
on the coils, thence on the air, namely, 


(193,048 -+- 12,000) = 16.1 tons refrigeration. 


As shown above, there was 0.5 degree F. loss in the two main 
calcium chloride brine pipes between the pump and the bunker 
of coils, which represents by the same method of calculation an 
equivalent of (21.5 X 73 X 0.5 X 0.82 X 60) > 12,000 = 3.21 
tons refrigeration. Total work done by the refrigerating ma- 
chine is equal to 19.31 tons, not counting losses between the re- 
frigerator, stérage tank and pumps. 

Thus the machine has: been tasked to its full capacity and 
somewhat over. 


AIR COOLING. 


The volume of air which passed over the cooling coils and was 
introduced into the rooms was measured by an anemometer and 

















A COMBINATION VENTILATING, HEATING AND COOLING PLANT. 263 


amounted to about 390,000 cu. ft. per hour. The air was cooled 
from 91 degrees to 71 degrees, or 20 degrees F. One cubic foot 
at the average temperature along the coils gives off in being 
cooled 1 degree, 0.0175 B. T. U., hence 390,000 cu. ft. cooled 20 
degrees F. gave up 136,500 B. T. U. in an hour, an equivalent of 
a performance of 11.3 tons of refrigeration for cooling the air 
(12,000 B. T. U. representing the heat equivalent of one ton 
refrigeration). 


ABSOLUTE HUMIDITY. 


The weight of aqueous vapor in a cubic foot of air at different 
temperatures and percentages of- saturation is called the absolute 
humidity. 

The absolute humidity of the outdoor air, at 91 degrees F. and 
53 per cent. relative humidity is 8.074 grains; that of the air 
in the banking rooms at 81 degrees F. and 63 per cent. relative 
humidity is 7.103 grains. The 390,000 cu. ft. of air at g1 de- 
grees F. will be about 382,000 cu. ft. at 81 degrees F. Therefore 
the moisture contained in the air in the bank is less than that 
originally contained in the same air by an amount equal to (390,- 
000 X 8.074 — 382,000 X 7.103) = 435,500 grains, or 62.2 
Ibs. Moisture has been added to the air in the rooms by the 
amount of vapor given off by the occupants of the rooms in the 
products of respiration. 

This quantity, however, is small in comparison with the total 
amount, as the average supply of moisture by the human body 
is 1-15 lb. per hour. There are only about 33 people constantly 
in the banking rooms, but the number of those coming in and 
leaving was not ascertained. Assuming all together about 40 per- 
sons in the banking rooms, it would make a correction of about 
2.7 lbs. 8.074 X 390,000 + 7,000 = 449.8—total pounds of 
aqueous vapor contained in the air per hour before being cooled. 
7.103 X 382,000 -- 7,000 = 387.6—total pounds of aqueous 
vapor in the air in bank per hour, 2.7 = aqueous vapor given off 
by occupants of bank per hour. Therefore, 387.6—2.7 = 384.9, 
total pounds of aqueous vapor brought into bank per hour. 449.8 
—384.9 = 64.9, representing the pounds of moisture removed 
per hour from the air and which has been deposited on the cooling 
coils due to the process of refrigeration. 
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The latent heat of vapor at the average temperature of 81 de- 
grees F. is 1057.6 B. T. U. This multiplied by 64.9 and divided 
by 12,000 equals the equivalent of 5.7 tons of refrigeration. This 
represents the tonnage of performance in condensing the above 
amount of vapor and reducing the absolute humidity of the air 
delivered to the banking rooms. 

Thus the total tonnage of refrigeration in the process of cool- 
ing the air and reducing the absolute humidity amounted to 
(11.3 + 5.7) 17.00 as against calculated 16.1 tons of refrigera- 
tion performed by the calcium chloride in the coils. Practically, 
the former figure ought to have been slightly less to account for 
losses in transmission. But the discrepancy may be accounted 
for in the readings of the thermometers which are of commer- 
cial type and not finely graduated. With the data observed the 
author also checked the tonnage with the aid of chart No. 2 
given in W. W. Macon’s paper on “ Air Cooling by Refrigera- 
tion,” presented at the annual meeting of the Society, 1909, 
and found about the same, namely, that an equivalent of 5.3 tons 
of refrigeration were used in condensing and removing the above 
amount of vapor from the outdoor air. With the aid of the 
chart he also found that the air was not fully saturated when 
cooled to 71 degrees F. No observations were made on the con- 
ditions of the relative humidity of the air as it left the bunker 
of coils. 

The relative humidity in general was measured by means of 
a sling or whirled psychrometer. This instrument consists of a 
pair of thermometers, provided with a handle, which permits the 
thermometers to be whirled rapidly, the bulbs being thereby 
strongly affected by the temperature of and moisture in the air. 
The bulb of the lower of the two thermometers is covered with 
thin muslin, which is wet at the time an observation is made. 
The psychrometric tables published by the United States 
Weather Bureau were used in these calculations for obtaining 
the relative and absolute humidities. 


TEST NO. 2, JUNE 26, 1909, IO A.M. 


Cooling coils in use—4 rows of pipe in the primary and 10 
rows in the secondary, or a total of 526.2 sq. ft. of cooling 
surface. 
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Outdoor temperature, 841% degrees F. 

Outdoor relative humidity, 68 per cent. 

Temperature the air was cooled down to, 66 degrees F. 

Average temperature in the banking rooms, 7714 degrees F. 

Relative humidity in the banking rooms, 74% per cent. 

Temperatures of calcium chloride at circulating pump going 
out and returning respectively—3714, 40%2—a rise of 3 de- 
grees F. 

Temperatures of brine at cooling coils—3734, 4014—a rise 
of 2.5 degrees F. in refrigerating the coils, due to cooling the 
air reducing the absolute humidity. 

The pump was running at the same speed, circulating 21.5 cu. 
ft. of calcium chloride per minute. 


REFRIGERATION ACCOMPLISHED. 


As the amount of calcium chloride circulated and rise in tem- 
peratures of the calcium chloride were the same as on the pre- 
vious day, the same amount of work was performed by the re- 
frigerating medium on the coils and air, namely, an equivalent 
of 16.1 tons of refrigeration. 


AIR COOLING. 


The air was cooled from 841% degrees to 66 degrees F., a drop 
of 18.5 degrees F. The quantity of air passed over the coils was 
about 390,000 cu. ft. per hour. One cubic foot of air at the 
average temperature along the coils cooled 1 degree gives off 
.0177 B. T. U., hence the 390,000 cu. ft. cooled 18.5 degrees F. 
gave off (.0177 X 18.5 X 390,000) = 127,686 B. T. U. in an 
hour, or an equivalent of work done of 10.64 tons of refrigera- 
tion in cooling the air. 


ABSOLUTE HUMIDITY. 


The absolute humidity of the outdoor air at 84% degrees F. 
and 68 per cent. relative humidity is 8.531 grains per cu. ft., 
that of the air in the banking rooms at 77% degrees F. and 74% 
degrees relative humidity is 7.488 grains per cu. ft. Correct- 
ing the volume of 390,000 cu. ft. of the air due to the change 
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in density would make about 384,000 cu. ft. at 77% degrees 
F., hence (390,000 X 8.531 — 384,000 X 7.488) = 451,700 
grains, or 64.5 lbs. of water. Correcting for the vapor given off 
by the occupants in the process of respiration, 67.2 Ibs. of water 
were condensed on the coils and removed from the air per hour, 
due to the refrigerating effect of the calcium chloride in cooling 
the coils. The latent heat of vapor at the average (841% degrees 
to 66 degrees) temperature of 7514 degrees F. is 1061.6 B. T. U. 
This multiplied by 67.2 Ibs. and divided by 12,000 gives an equiv- 
alent of 5.9 tons of refrigeration. This represents the tonnage 
of performance in condensing the above amount of vapor and 
reducing the absolute humidity of the air delivered to the bank- 
ing rooms. 

From the chart above referred to it figures out about 5.75 
tons of refrigeration. The total tonnage of refrigeration in this 
test in both the process of cooling the air and reducing the ab- 
solute humidity amounted to (10.64 + 5.9) = 16.54 tons, as 
against the 16.1 tons of refrigeration calculated from the per- 
formance of the calcium chloride in the coils. 


COEFFICIENT OF HEAT TRANSMISSION AT 780 FT. PER MINUTE 
VELOCITY. 


The coils, as stated, were of the standard hot blast mitre type 
of I-inch pipe. The full area of the secondary coils is equal to 
8% sq. ft.. As the quantity of air delivered over them was about 
390,000 cu. ft. per hour, or 6,500 cu. ft. a minute, the air velocity 
was 78o ft. per minute. 


From the test of June 25, 1909, the figures are: 


The mean temperature of the air, 91 — 71 = 81 degrees. 

The mean temperature of the brine in coils = 36.5 degrees. 

Difference of temperature between the air and brine = 44.5 
degrees F. ; 

Total heat absorbed by the coils per hour = 193,048 B. T. U. 

Total cooling surface in coils 447.6 sq. ft. 

Heat transmitted per degree of difference of temperature per 


8 
or moon. Tv. 


square foot per hour = 
= - 447-6 X 44.5 
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From the test of June 26, 1909, the figures are: 


The average temperature of the air was 75.25 degrees F. 

The average temperature of the brine in coils, 39 degrees. 

Difference of temperature between the air and brine, 36.25 de- 
grees. 

Total heat absorbed by the coils per hour, 193,048 B. T. U. 

Total cooling surface in the coils, 526.2 sq. ft. 

Heat transmitted per degree difference of temperature per 

193,048 
$26.2 X 36.28 = 10.6 B. T. U. 

The average for the two tests is 10.15 B. T. U. per square foot 
of galvanized iron pipe with an air velocity of about 780 ft. per 
minute at the given difference of temperatures, and given tem- — 
perature of refrigerating medium. With lower temperatures of 
the latter and different velocities of the air passing over the coils, 
the coefficient of heat transmission will vary. 

It is to be hoped that the Committee on Tests of the Society 
will take a hold of this problem, and by using test thermometers 
and calibrated instruments will obtain further data to establish 
standards. It is especially hoped that the method suggested in 
this paper of refrigerating the air down to low temperatures and 
then reheating it will be followed and observations made with 
various low relative humidities. 

It is the belief of the writer that more comfort and better re- 
sults would be obtained by furnishing drier air of a uniform rela- 
tive humidity of about 50 per cent. to 60 per cent. with rather a 
small difference of temperature between the outdoor and indoor 
conditions. 


. 


DISCUSSION. 


Mr. Davis: Mr. Feldman says on the fourth page of his 
paper, “The coils are of the standard hot blast mitre type of I- 
inch wrought iron pipe, galvanized to prevent rusting from the 
deposit of moisture when cold brine circulates through them.” 

Mr. Feldman: It should be the air on the outside. 

Mr. Davis: I would like to ask you if the results obtained 
show that the galvanizing did prevent rust, what results you 
got? 
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Mr. Feldman: Henceforth, if I design a plant I would use 
cast-iron. Three or four years ago there were no cast-iron 
sections suitable for blower work. Whether the galvanizing 
of the pipe has worn off I cannot tell. The outside surface is 
eating away on the first coil already. I cannot see further back. 
So far the coil is still standing. 

Mr. Davis: The reason I asked that question was that in a 
recently designed apparatus of very much the same type we used 
cast-iron instead of wrought to circulate the brine through. 

Mr. Donnelly: I would like to ask whether the air washer 
is used in the summer time. 

Mr. Feldman: We do not use it in the summer. We found 
that the moisture deposited on the chilled coils was sufficient to 
remove the dust. On the other hand, if the washer was used 
it added too much humidity in the summer. 

Mr. Donnelly: What is the space between the coils of your 
washer ? 

Mr. Feldman: About seven-eighths of an inch. With this 
space and the pipes of the coils in zigzag the moisture on them 
abstracts the dust, therefore we found it is not necessary to use 
the air washer in the summer. I placed a coil in the collecting 
tank of the air washer through which a part of the brine cir- 
culates. My object was this: since I anticipated I did not have 
enough refrigerating capacity in my machine, I wanted to assist 
the cooling with the cool water of the air washer; but, as I 
stated before, this increased the humidity, therefore we did 
not use it. 

Mr. Donnelly: I would ask Mr. Feldman if he attempted to 
‘catch the condensation from the coils in the summer time to 
see what quantity it was? 

Mr. Feldman: No, I did not attempt to do that. 

Mr. Donnelly: It would be possible to do it? 

Mr. Feldman: Yes. 

Mr. Donnelly: I think it would be interesting to catch that. 

Mr. Feldman: The figure I got was about sixty-four pounds 
per hour, estimated with the help of humidity tables. 

Mr. Macon: Speaking of the desirability of measuring the 
amount of actual condensation of the vapor, I should think it 
would be much more important to learn the actual precipitation 
for this very reason. Mr. Feldman has found by the use of 
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the hygrometer that he did not get saturated air. Now it is 
hard to explain, or at least I cannot see how it is possible that 
he has gradually reduced the air in temperature; and as he has 
reduced the temperature he has not only condensed the vapor 
to the saturation point, but seems to have gone beyond and 
has got less vapor present than you would naturally expect with 
a saturated condition. In other words, he seems to have ac- 
complished an impossible thing, and that being the case, we 
certainly ought to feel that the only proof that it is possible 
to do so is to obtain by actual measurement the amount of vapor 
that is condensed. 

Mr. Feldman spoke of the desirability of cooling the air to 
a low temperature and then reheating it somewhat. In that 
way, by cooling it to a very low temperature, he plans to extract 
a good deal of the vapor, and then by reheating it, in order that 
the inflow temperature into the room may not be too low, he 
plans to keep the relative humidity quite low. 

It is doubtful if the application of this idea is as broad as it 
would seem at first consideration. Mr. Feldman has in mind the 
delivery of air for cooling purposes through the same system 
used for ventilation purposes during the heating season. There 
is a maximum limit beyond which it is not desirable to go with 
respect to the velocity of the inflowing air, in order to avoid 
draftiness. On the other hand, the volume of air delivery in 
the warm weather must be great enough and the temperature 
of the air must be low enough so that this volume of air on 
warming from the incoming temperature to the temperature of 
the room can absorb the amount of heat transmitted from out 
of doors into the interior of the room and the amount of heat 
given off by the occupants. 

It was shown in the speaker’s paper in the volume of the 
proceedings for 1909 that, generally speaking, the lower the 
temperature to which the outdoor air is cooled in the refrigerat- 
ing apparatus, the less the refrigerating capacity required, owing 
to the greatly diminished amount of air necessary for the work. 
A limit is, of course, the minimum temperature at which it is 
safe to cool air on account of the amount of condensation of 
the watery vapor which must be taken care of. In short the 
plant might be designed to cool outdoor air to say 50 degrees F. 
and then with no reheating except what must of course take 
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place in transit from the refrigerating apparatus to the room 
to be cooled, the amount of air necessary. can be calculated. If 
one plans to reheat this air a few degrees after it leaves the 
refrigerating apparatus it is apparent that a greater volume of 
air will be necessary, and therefore the refrigerating plant will 
have to be larger. If we assume in this case that 50 degrees is 
the lowest practical limit to which air may be cooled, it will be 
seen that a plant with the reheating idea requires a larger re- 
frigerating outfit, demands the consumption of heat for reheat- 
ing purposes, and does not deliver the air with any less watery 
vapor per cubic foot than the plant without reheating. In the 
plant with reheating the larger volume of air may entail some 
difficulties arising from register velocities ; with the plant without 
reheating arrangements as outlined, difficulties with-drafts are 
‘minimized. 

A brief analytical statement of the case may be of interest. 

Let S=the space to be cooled in cubic feet. 

N=the number of persons in the room. 

R=the square feet of direct radiation or equivalent for heat- 
ing purposes. 

Then 250 R is equivalent to the heat loss in B. T. U. in zero 
weather, or approximately the total amount of heat transmis- 
sion through the exposed walls of the building. If the refriger- 
ating plant is designed to maintain the indoor air at a tempera- 
ture of about 10 degrees less than that outdoors, it is feasible 
for a rough estimate, to place the heat transfer in the warm 
weather from outdoors to indoors as 10/70ths of the heat trans- 
fer in zero weather. This should perhaps be increased 20 per 
cent. to take into account the effect of the sun’s rays and to 
cover other contingencies, so that the heat transfer through the 
exposed walls may be stated as equal to 12/70 & 250 R. 

To this should be added the heat emitted by the illumination 
and the heat given off by each of the persons present in the 
room. For this calculation we may eliminate the heat from the 
lighting system, while the animal heat may be taken at 400 N, 
each person giving off 400 B. T. U. per hour. Therefore 
Heat transfer = 12/70 X 250 RR + 400N................ (1) 

Suppose that the space per person in the room cooled is 500 
cu. ft. and that the equivalent direct radiation is in the ratio of 
I to 50 to the cubic contents, then S+N=500 and S+R=50 
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and S/R=50. Then R=S+so—10N. Substituting the value 
of R in equation 1 we find that 
Heat transfer=12/70X2500 N +400 N=828N ......... (2) 

The volume of air necessary per hour in cubic feet, Q, must 
be such that heated from inflowing temperature to room tempera- 
ture it will absorb the heat supply from out of doors and by the 
human beings. Suppose that it is 85 degrees out of doors; that 
it is desired to keep the interior at 75 degrees; that the air is 
admitted into the room at 65 degrees. Then the air may be 
heated through 10 degrees. Then 

OX 10/55==828N and Q=4550N. 

It is thus seen that the air delivery will have to be over 4500 
cu. ft. per person per hour, while the ventilation plant may have 
been designed for no more than 1800 cu. ft. per hour per capita. 
Obviously this volume of air would cause trouble. 

If the air were introduced at a point 20 degrees below desired 
room temperature, the volume would be half of this, or 2275 
cu. ft., and if the air were introduced at 50 degrees, so that it 
could be warmed through a range of 25 degrees, the amount 
of air necessary would be 1820 cu. ft. per capita. 

It is possible that one may count on a register velocity 20 per 
cent. greater with the cooling system than with the heating 
system. In that case if the ventilation plant was designed for 
1800 cu. ft. per minute, one might feel justified in allowing for 
a delivery in the summer time of 2250 cu. ft. per person, in 
which case, by the foregoing calculations, one could introduce 
the air at 55 degrees and therefore provide for a plant that would 
cool perhaps to 50 degrees. If it were practicable to cool air to, 
say, 45 degrees, the vapor contained would be reduced and re- 
heating could be employed so that the incoming air would be 
55 degrees. Certainly if the incoming air is higher the volume 
of air would seem to be prohibitive. 

This calculation can be extended for different ratios of space 
per person and space per square foot of equivalent direct radia- 
tion. For example if the ratio of S to N is 500, and the ratio 
S to R is assumed at 100 the heat transfer figures out at 614 N 
and one finds that the air may be introduced at 60 degrees and 
the volume per capita need not be over 2250 cu. ft. The air 
could then be cooled in the refrigerating plant at 50 degrees and 
slightly reheated before delivery into the room. If, however, the 
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air were cooled to 50 degrees and not reheated at all it could be 
introduced into the room at 55 degrees. Only three-fourths as 
much air would then be needed as when introducing at 60 de- 
grees, and therefore the refrigerating plant would need to be 
but three-fourths the capacity of the plant in which reheating is 
attempted for the example worked out. 
Mr. Feldman: My idea would be, in the same plant, if I had 
a 30-ton refrigerating plant I would cool the air to about 50 
degrees before it reaches the fan, then I would have one steam 
coil to heat it to the temperature I needed. For instance, I have 
shown that during the day when it was g1 degrees outdoors, we 
cooled the air to 71 and kept the bank at 81. I did not want 
to keep it any cooler than 81. My idea would be to cool the 
air to, say, 50 degrees, and then reheat it to 71 with the thermo- 
static control. By cooling it to 50 degrees I would take out 
more of the absolute humidity and thus reduce the relative 
humidity. 
The figures of one test are as follows: 
Wt. in Grains 


Per Cu. Ft. 
Relative of Aqueous 
Dry Bulb. Wet Bulb. Humidity. Vapor. 
ED .wénneacana 82 75 72 8.474 
MEE. sa kacweveeons 75 71 82 7.672 
Duct at Blower... 67% 65 871% 6.400 


The interesting point is this: The occupants of the offices 
did not know they were getting a higher relative humidity in 
the office. One of them once remarked: “The temperature 
was 75, but it felt as if it were 65, because the air was so dry.” 
Now the absolute humidity was lower, but the relative humidity 
was higher. While we always consider in the winter that comfort 
is due to the proper relative humidity, it looks to me that the 
proper amount of absolute humidity is what gives us comfort. 
A cubic foot of air outdoors on the day of the test contained 
eight grains of moisture and a cubic foot of air in the rooms 
contained only 7.6 grains, which means the absolute humidity in 
the bank was lower than the absolute humidity outside, not- 
withstanding that the relative humidity was ten per cent. higher, 
and still it was absolutely comfortable. 

Another interesting point I wish to bring out is this: I 
never found the air passing over the coils fully saturated. 
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President Snow: I would like to ask Mr. Feldman if he 
knows of any plants that are arranged as he suggested, to cool 
the air down to a point a number of degrees below that in the 
room and then reheating it, or if he or any one present knows 
how the cooling of the Senate and House at Washington is ac- 
complished. 

Mr. Feldman: There are two plants in New York City; that 
is the Stock Exchange and the Kuhn, Loeb & Co. building. In 
the Stock Exchange they have separate coils for cooling and 
heating. There they have about a 350-ton refrigerating plant, 
but they do not heat the air there. I could not do it in my case 
because I had not enough refrigerating capacity. It is not a 
question of cost in places of this kind, because they want com- 
fort. 

President Snow: I thought possibly some one present was 
familiar with what is actually in use in Washington. I know 
that some recommendation was made in a voluminous report 
by Prof. Woodbridge some years ago to the committee of the 
Senate and the committee of the House. 

Mr. Macon: Mr. President, I think the last line of figures 
must show us that Mr. Feldman’s bunker of coils has really 
cooled the air below 67% degrees. By the time he measured it 
it was 671% degrees and had an absolute humidity of 6.4 grains, 
but somewhere within that bunker it was cooled to the saturation 
point, so that you really are not able to measure your minimum 
temperatures. 

Mr. Feldman: I will say there is a space between the last 
bunker of coils and the main duct where the reading of tempera- 
tures was taken. It is therefore possible that a decrease in the 
saturation took place due to expansion of the air. I found every 
time that there was about Io per cent. higher relative humidity 
in the rooms than compared with outdoors. But the comfort 
of the people evidently is measured by the absolute and not by 
the relative conditions. 

President Snow: Will you kindly state or restate the maxi- 
mum drop of temperature that you consider advisable to attempt 
to attain between inside and outside? If it is go outside how low 
should an engineer attempt to decrease that temperature in order 
to avoid that sensation of chill to one entering from the outside? 

Mr. Feldman: I am only telling of the result attained in my 
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case. I found on an average that the outdoor air had to be 
cooled twenty degrees to maintain in the rooms eight to 
ten degrees lower than outdoors. I do not believe in tak- 
ing this as a general rule. The conditions in the case in 
question are peculiar. We have not only the doors and windows 
to contend with, but also heat transmission through floor, as the 
engine and boiler rooms are directly below. 

President Snow: Then, as the members understand it, it 
would not be advisable to drop that low temperature, if it is 90 
outside, to below 8o in the room? 

Mr. Feldman: No, sir; never do it. I know on that par- 
ticular day, the 25th of June, it was 81 degrees in the bank; and 
it was absolutely comfortable, judging from the opinions ex- 
pressed by the members of the firm. With 82 degrees outdoors 
I keep the temperature in the rooms at 75 degrees. I would 
not attempt to make it 72 or 70. 

Mr. Macon: I have visited this plant, but I did not go into 
the banking offices until banking hours were closed and even 
then the air seemed decidedly balmy and pleasant. As Mr. 
Feldman says, the proof of the temperature difference between 
outdoors and indoors depends on the satisfaction of the people 
who have to live in the atmosphere. They are perfectly satis- 
fied and think they have a dry atmosphere. While they have 
not a higher absolute humidity as compared with outdoors, the 
relative humidity is higher. 

Mr. Davis: The point we do not want to forget is that 
if we attempt to use a brine with a very low temperature, that 
is, below freezing point, in order to lower the temperature 
of our air, then we begin to accumulate frost on the coils, and 
the accumulation of that frost would, of course, cut off your 
air. You cannot get your air through. 

Mr. Feldman: The warm air going over the coils very sel- 
dom allows frost to accumulate. You need not have the brine 
colder than 30 degrees. You can cool the air to any tempera- 
ture you want by having the number of coils increased. In my 
case I use a maximum of fourteen rows of pipes to produce my 
effects. 

Mr. Davis: What is the temperature of the brine? 

Mr. Feldman: In my case, 35. 

Mr. Davis: And you expect to get your air, what? 
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Mr. Feldman: I get down the air to 71 from g1. If I 
wanted to cool it down further, instead of using the fourteen 
coils at the same temperature, I could use more coils. Using 
more coils would cool the air to a lower temperature with the 
same brine temperature. 

Mr. Macon: Is there not a minimum limit between the 
temperature of the brine and the final temperature of the air? 
In other words, you cannot get your air down to 40 degrees 
unless you have got an infinitely large coil. 

Mr. Feldman: I do not expect to get it down to 40. 

Mr. Davis: It may be a satisfaction for the gentleman to 
know that in a recent installation now in progress in Chicago, 
in one of the modern hotels, they are using almost identically 
the figures given by Mr. Feldman. They are using brine at 
35. They are introducing their air into the room they expect 
to cool 10 to 20 degrees lower than the temperature of the 
room, and I might further add that that is about the effect 
that is produced at the celebrated Pompeian Room in the Annex 
Hotel at Chicago. 

Mr. Feldman: I would suggest that you should have some 
of your Chicago people to see whether they can get some more 
data on that Pompeian Room and tell us for the benefit of the 
proceedings. : 

Mr. Davis: We hope to have some data on that hotel instal- 
lation. They have very kindly offered every facility for getting 
them. 
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EXAMPLES OF WIND EFFECTS ON VENTILATION 
AND HEATING. 
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BY H. W. WHITTEN. 


(Member of the Society.) 


The effects of wind blowing against a building are manifold. 
The most apparent effect is the inleakage of air through 
crevices, particularly those about the movable windows and 
doors. In cold weather this inleakage becomes sensible or 
evident in the form of cold draughts which are often notice- 
able at a distance from the walls toward the interior. 

The volume of this inleakage varies in proportion to the 
velocity of the wind, sizes of crevices, and means of egress of 
air from the building. It is also affected in a small degree by 
the pressure exerted by the expanded warmed air inside of the 
building. This pressure must be overcome before the outside 
air can enter. During the heating season this inleaking air, 
being of a lower temperature than that at which the air inside 
is desired to be, must be heated. 

Both these phenomena are apparent and their effects are 
common knowledge. Recent investigations have shown, how- 
ever, that the variation in the volume of inleakage due to varia- 
tion of wind velocity is much greater than was generally be- 
lieved. 

The least apparent effect, and in the writer’s opinion the 
most important, is the outflow of warmed air through crevices 
in the sheltered sides of buildings. 

Windows and doors are constructed with the primary object 
of excluding draughts from outside, but are not so well 
adapted to prevent air currents escaping from the inside. 

The wind strikes an obstruction, a building, is diverted 
from its natural course and is forced to pass by and over the 
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obstruction. In doing this its speed is accelerated, the parted 
currents uniting at some distance beyond the building resum- 
ing their normal velocity. 

This action produces an area of low pressure in the lee of 
the building which acts as a partial vacuum. This partial 
vacuum acts as a continuous pump on the crevices in the lee 
sides. As the pressure of the inside warm air is naturally out- 
ward, the combination of this pressure with the partial vacuum 
outside produces a greater loss than is sustained on account 
of inleakage, i. e., assuming aggregate amount of crevice on 
each side to be equal. This loss is greatly increased when 
other means than wall crevices are employed to admit outer 
air, such as cold air inlets for hot air furnaces, supply inlets 
for indirect or fan systems, etc. 

It has been well said by a writer on this subject that “ we 
are prone to notice only that which is evident to the senses.” 
This outward flow of air is not attended by disagreeable 
draughts and, unless special means are taken to detect it, is 
not evident to the senses. 

A few typical tests made by the writer and others the past 
winter in this connection should be of interest. 

Given a school building, rectangular in shape, ends of build- 
ing facing North and South, having stairway windows only 
in these ends; East and West sides divided into school rooms, 
each having 5 windows 5 feet wide by 9 feet high, window sills 
on a level with tops of pupils’ heads when seated. Windows 
having usual clearance. Rooms heated by a fan system 
designed to supply 1800 cubic feet of air per hour per pupil, 
with inlet velocity of 750 feet per minute. Wind north-west, 
velocity 14.5 to 15 miles per hour, outside temperature 33 
degrees. Room No. 5 situated on the East side of first floor 
of building, one room removed from South end, showed an 
average rate of supply velocity of 817 feet per minute and a 
vent velocity of 340 feet per minute. Inlet and outlet of same 
size. Inlet 8 feet above floor, outlet at floor and both on 
opposite side of room from windows. This showed a loss of 
457 feet per minute. An air test of this room showed ro parts 
of carbon dioxide in 10,000. This loss was practically all 
above the breathing line and frequent complaints of headaches 
among scholars occurred. 
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Other rooms on the East side of building showed as follows: 


Rate of supply. Rate of vent. 
760 


I Oe acta cetnheeecemaneannes 410 

eS rrr re ee 753 396 

OE Se eee reer eee _ 690 315 
West Side: 

Ist floor, Room No. 7 (partly sheltered)..................-- 669 700 

2d floor, Room No. 14 (exposed to strongest wind effect). ... 410 705 


TEMPERATURE CONTROL IN USE IN THE BUILDING. 


Average temperature East rooms at the breathing level....... 73°; at floor 70°. 
™ m est rooms, breathing level............ e-* - &. 


A test of another school building with wind at 18 miles per 
hour and outside temperature 30 degrees, building heated and 
ventilated by gravity indirect system, showed an average of 
20 per cent. loss from the supply ducts in rooms on the wind- 
ward side and an addition of 60 per cent. to the vent velocity. 

Rooms on the leeward side of the building showed an addi- 
tion of 30 per cent. to the supply velocity and a reduction of 
62 per cent. of the vent velocity. 

A school building having a few corridor windows on the 
North side, and school room windows on the East, South and 
West was tested with typical results, as follows: Wind, 20 miles 
per hour, direction North-West. Room No. 26 on East side 
of building, two movable windows, 7 feet wide by 9 feet high, 
one tight window Io feet wide by 9 feet high, sills level with 
breathing level. Inlet 8 feet from floor, 4 feet from East wall, 
volume of air supply 2340 cubic feet per minute, volume of 
air passing out vent 1451 cubic feet per minute. 

Room No. 28 South side of building, near East end, win- 
dows same as No. 26, volume of supply 1863 cubic feet per 
minute, volume of air passing vent 1311 cubic feet per minute. 

A test made by Mr. A. B. Franklin of Boston and the 
Massachusetts District Police on a school building some years 
ago is also interesting. Wind, 25 to 30 miles per hour, and 
blowing toward a majority of windows in the building. 


Room No. Air supply at inlet. Air removed at outlet. 
SR cnddnedcntedavenequneea 1536 cu. ft. per min. 2367 cu. ft. per min. 
12 Liebe adibenedenieabek ee —— ri — 7 
13  * (pbinheneecnenadeee erence ao 2 I la 5 
14 i Oo eee ee — = eit ee ee * 
15 (partly sheltered)................ eget nan Se = |S 
16 3 o>”  enives weed pede — « —- + = ” 
Err err — zi elles i 
21 (partly exposed)................. Regen ok ee ee 
22 rs sepa weaendeoeress ladles a gil ERE 
23 a os on ee eneteened ee ee Se 
24 i it: pciana Memasedekoee eo | ” . 





XUM 





YUM 


EXAMPLES OF WIND EFFECTS ON VENTILATION AND HEATING. 279 


Room No. Air supply at inlet.: Air removed at outlet. 
25 (partly sheltered)................ 2301 cu. ft. per min. 2288 cu. ft. per min. 
/ Oia SR er es Ss ee 
I re ast bia K6: Gade geo S a0 — - Th —— le 
32 (partly sheltered)................ Se eo ile face SEE 
ee Pere te ee 
35 (partly sheltered)................ — > = de peal elalleas 
9 Be are Aa ciacadie osliake Sea Ss CU ae Se 
PD ctiansnitaanees get neavne oe 1404 “ “ 


A High School building was recently tested by Prof. H. C. 
Anderson of Michigan University, there being some question 
as to whether the heating contractor had put in a competent 
apparatus (fan system). The supply seemed of sufficient 
quantity and temperature, but rooms on the exposed sides of 
the building could not be satisfactorily heated. After shutting 
down the fan the supply ducts were closed in the rooms on the 
exposed side of the building and, with all doors and windows 
closed, it was found that as much air was being removed from 
the vent ducts as the fan system was supposed to supply. Dur- 
ing this test the outside wind was of moderate velocity. 

The writer recently had occasion to examine the ventilating 
system of a hospital. The heating season was over and the fan 
was not in operation. Supply inlets were in inner walls and 
about 10 feet from floor. Vents were about 12 inches from 
floor. Outside wind 6 to 7 miles per hour. Anemometer 
showed no movement of air at inlets. Window crevices showed 
some inleakage on exposed sides and outleakage on sheltered 
sides. Vents in rooms on exposed sides showed a normal out- 
flow, but those in rooms on sheltered sides showed a reverse 
current into the rooms. An examination of the attic (which 
was quite large) showed that the vent ducts ended at the attic 
floor and were covered with 4% inch mesh wire screens. There 
were a few windows in the attic and a ventilator about 4 feet 
in diameter was placed on the roof. Very little air movement 
could be detected through the ventilator which was of the 
ordinary hood type. The vents from rooms on the exposed 
side showed an upward current into the attic, but those on the 
leeward side showed a corresponding downward flow. Aver- 
age velocity in each case was about the same. Odors of drugs 
could be detected in rooms far remote from where such drugs 
were used. The wire screens covering attic vents leading to 
rooms on sheltered side of building were covered with a cob- 
webby sort of dust, while those covering vents from the 
opposite side of building were clean. 
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Tests of several buildings in which the leakage about outer 
openings had been standardized by means of a metal expansion 
joint showed an average difference between supply and vent 
flow of 10 to I5 per cent., the greater part of this being due 
to difference in temperature of air at these points. 


DISCUSSION. 


President Snow: Is there any discussion of Mr. Whitten’s 
paper? It will be well to take up Topic No. 13 in connection 
with this paper, as it has a bearing on it: “The effect on the 
ventilation of office buildings heated by direct radiators where 
weather strips are used on the windows.” That can be taken up 
and is not intended to interfere in any way with the free dis- 
cussion of Mr. Whitten’s paper as read. 

Mr. Donnelly: Mr. President, I think this paper points out 
very clearly the value of weather-stripping, the value of pro- 
tection to windows and crevices, in localities where before very 
little attention has been paid to them. I think it has been too 
much the practice to put weather-stripping to protect the win- 
dows only on the windward side. This shows the perhaps even 
greater value of protecting windows on the leeward side. It 
also shows the value, I think, to some extent, of cross parti- 
tions in buildings. And I have noticed in many office buildings 
lately that they are putting many doors in the corridors, so 
they may cut the building up, not only for fire protection, but 
it also cuts it up for the air to come in on the windward side 
and out on the leeward side. I remember some time ago in an 
office in New York. we were able to raise the temperature of 
the room five degrees by closing the transom over the door. We 
were on the windward side and the air could very readily get in 
and out of the room; but by closing the transom and preventing 
the air from going out of the room we, to a great extent, pre- 
vented the air from coming in. This shows to’a great extent 
the advantage of weather-stripping to prevent leakages on the 
windward side. 

Mr. Chew: Mr. President, I have talked with Mr. Whitten 
about this topic, taking the opposite side of the question to 
bring out information. A few years ago a paper was presented 
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in the Society by Henry C. Meyer, Jr., to the’ effect that the ven- 
tilation of office buildings in New York City was interfered 
with on account of the floor space being held to be too valu- 
able for renting purposes to be wasted in flues for heating and 
ventilating. Now we hear Mr. Whitten’s paper, which proposes 
in some measure to reduce the possibility of air getting in or 
getting out, when it is often needed, particularly in direct radia- 
tor heated office buildings. It looks as if this paper was all for 
heating and very little for ventilation, that is, it is for stopping 
ventilation. 

I believe that in the smaller rooms and suites of offices, where 
most people are put to work, and not where the president or 
some other company official has plenty of room to do nothing, 
more ventilation than they get now through the air leakage is 
positively needed. The point for consideration is whether protec- 
tion to public health and the necessity of ventilation come 
first. or whether it is the pocket-books of the men who are get- 
ting together in New York City to repeal the factory ventila- 
tion law and who have only a mercenary interest. They do not 
care about the people who suffer from impure air. That is the 
point. I believe in some sorts of buildings that there would be 
absolutely no objection to stopping ventilation by leakage. I 
believe in other cases that the very thing advocated here might 
work a hardship. 

Prof. Carpenter: 1 think that it is nearly always true that 
the subject or question of heating is in a way opposed to that of 
ventilation. If we have cheap heating we almost always do it 
at the expense of ventilation. If we have a great amount of 
ventilation we must have heating to pay for it. Those two 
things face each other as basic propositions in nearly every case. 
Now it seems to me that it does not follow that we would have 
poor ventilation because we have our windows tightened up. 
It might, however, follow that what Mr. Chew suggests is true, 
but not necessarily so. As a rule, we desire to have controlled 
ventilation, ventilation that we can perfectly control. If two- 
thirds of our ventilation escapes through windows and through 
cracks and crevices in the walls, as was apparently the case in 
one of the buildings mentioned in the paper just read, it is 
apparent that we should not have full control of this ventila- 
tion; and consequently it is reasonable to me, from my stand- 
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point, at least, to believe that we can get better ventilation with 
the windows tightened and a full control of it. On the other 
hand, take the case which Mr. Chew refers to, where there is 
no ventilation, but the normal conditions supplied, it probably 
would be a hardship to the users of the rooms, the occupants, 
to close up and make the windows tight. That is, it seems to 
me in the case of direct radiation we had better not have the 
weather strips or have the windows tight; but in the case of 
controlled ventilation, where we are introducing enough air for 
ventilation purposes, it would be better to have the windows 
tight and have the rooms so built that the ventilation would 
come where we expect it to and do the work that we want it to. 

Mr. Whitten: In regard to the matter brought up by Mr. 
Chew, I think Prof. Carpenter has stated the question very 
clearly, and it is possible that by standardizing the leakages 
from crevices in buildings to a minimum amount, sufficient 
air change might not take place in a portion of the building. 
Where a special ventilation is provided it is, I think, unques- 
tioned that the outer openings should be made as tight as possi- 
ble in order to prevent waste, and not deplete the ventilation at. 
the breathing line. 

In regard to office buildings, I have recently investigated 
three buildings in the city of Detroit, one of which Prof. Allen 
is familiar with. I found this from the reports of a number 
of the attendants and engineers in charge and the owners: that 
where the leakage from the windows was controlled, in a com- 
paratively short time the occupants had been educated to open- 
ing their windows and getting as much or as little ventilation 
as they needed, but when the wind was adverse and the tempera- 
ture low, they were very glad to be able to protect themselves 
and not leave it to such a wide margin of guess as would pre- 
vail without some method of practically controlling the situation. 

Prof. Kinealy: I think that engineering consists in conserv- 
ing the forces of nature for the benefit of mankind; and in our 
heating and ventilating work we wish to supply a quantity of 
warm air forthe use of the occupants of the buildings. To let 
a lot of cold air blow in wherever it may happen to be able to 
enter is not ventilating a building. It is far better to distribute 
the heating service of a building and make the building so that 
the best results can be obtained from the heating service, so that 
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the people occupying the building will be properly and thor- 
oughly warmed, and then let in the air. Let us arrange our 


. building and let us arrange our heating system so that we will 


accomplish the results that we have planned to accomplish. And 
to do this it is absolutely necessary, I think, to prevent the flow 
of air into the building from the outside in places where we do 
not want it to flow in, and to prevent the warm air from flow- 
ing out from places where we wish to keep it. 

Now that must be done by building walls that will be im- 
pervious to the passage of air and then protecting the windows 
and door openings so that cold air will not flow in. What we 
want to do is to regulate the supply of air and the supply of 
heat. To put a heating apparatus in a building and then allow 
the cold air to flow in so as to carry away the heat neither 
ventilates the building nor does it do any good. On the con- 
trary, it does harm. It prevents the building from being prop- 
erly warmed and it exposes the occupants to bad influences of 
cold, disagreeable drafts. 
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CCVIII. 
TOPICAL DISCUSSIONS. 


TOPIC NO. 3. 
“The Minimum Fee for Professional Services.” 


Secretary Mackay: I wanted to say a few words on that, 
Mr. President. In the articles of incorporation of our Society 
section 8 says: “ To establish a uniform scale of prices for all 
professional services.” So that it is within our province to touch 
upon that subject. Occasionally I get questions from our own 
members and from those who are not members asking what is 
the proper charge for Heating and Ventilating Engineers for de- 
signing and superintending the installation of work. I have 
referred them at times to different members of the Board of 
Governors and to special committees; I had one from the United 
States Government two or three weeks ago asking that particu- 
lar question in connection with our own members. I referred 
it to Mr. B. S. Harrison, vice-president of the Society, and 
after talking the matter over with him I stated in reply that 
it varied from five per cent. for plans and supervision to some- 
times five and five, depending upon the intricacy and the distance. 
The American Institute of Architects, as you possibly all know, 
have an established minimum price, which was, up until Janu- 
ary of this year, five per cent. for plans and supervision for the 
work, with an additional charge for engineering work when 
necessary, paid by the owner of the building in addition to the 
architect’s charge. At the last January meeting of the Ameri- 
can Institute of Architects they advanced their charges, on ac- 
count of the increased cost of labor and other things, to six 
per cent. as the minimum charge, and I think that it would 
be the proper time and place to take up the question of what 
Heating and Ventilating Engineers should charge for plans and 
specifications and supervision of work. 
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TOPIC NO. 4. 


“The Fire Risk in Connection with Heating and Ventilating Systems.” 


Secretary Mackay: Some years ago Mr. Donnelly suggested 
to the Society at an annual meeting that it was right and proper 
that we, as a Society, should become members of the National 
Fire Protection Association; that the Mechanical Engineers’ 
Society and others were members of it at that time. The Board 
of Governors immediately took action, sending it to two of the 
Chicago members, as the Secretary of that association was in 
Chicago, and asked them to investigate and report back to the 
Board of Governors as to whether it would be desirable or wise 
to become members of the association. Both of these gentlemen, 
engaged differently in the profession, reported adversely to the 
matter and no action was taken. At the following annual meet- 
ing Mr. Donnelly brought the matter up again, the report of 
these gentlemen was read and Mr. Donnelly made a motion that 
the Society become a member of the Fire Protection Associa- 
tion. The board made application and were accepted and we re- 
ceived some of their papers, which were largely the adoption 
and approval of certain electrical appliances and things of that 
sort—very little was done in connection with heating and ven- 
tilation. By order of the Board of Governors we wrote the 
Society that some representative of the Society should be placed 
on a certain committee and also that another committee should 
be formed, the title of which should be “Necessity for Fire 
Protection in Connection with the Placing and Operating of 
Heating and Ventilating Apparatus,” of which a representative 
of our body should be a member. I got a reply back dated 
August 20, 1908, stating that they would consider the matter 
of forming such a committee. 

This was reported to the Board of Governors of our Society 
at its next meeting, and I was instructed to ask whether, their 
office being in Chicago, it should be a western member, resident 
in Chicago, or whether it should be an eastern member, located 
near the Society in New York. I received no reply to my let- 


ter. Then it was brought up at a meeting of the Board of. 


Governors, and the question was raised whether we should 
further continue in the organization, seeing that we had not been 
able to materially benefit them and had not received any benefit 
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ourselves, the American Society of Mechanical Engineers hav- 
ing dropped out of it—one reason we were urged to join was 
because they were in. It was the consensus of opinion and the 
vote of the entire membership of the Board of Governors that 
we should resign membership in it and the Secretary be in- 
structed to notify the association to that effect. I have their 
reply regretting our action. Since then Mr. Donnelly has writ- 
ten me that he regrets that we have resigned, that it places him 
in a peculiar position, as he is allowed to be a member of the 
association by virtue of the Society being a member. It was 
not done on the ground of economy, it was just the ieeling that 
the Society was not benefiting them or being benefited by them; 
and one of the members of the Board of Governors said that 
if the Fire Protection Association wanted anything in connec- 
tion with heating and ventilation they would come to the Ameri- 
can Society of Heating and Ventilating Engineers and they 
would get it just as freely as though we were members. 

Mr. Hale: In connection with Mr. Donnelly’s remarks, it 
would seem to me that this Society ought to approve the paper 
which he proposes to read on the subject of fire protection. Mr. 
Donnelly states that he has looked into the subject and question 
of regulations, and it would be very interesting to have a paper 
of that sort. 

Secretary Mackay: I would mention that the paper that Mr. 
Donnelly sent in was very largely extracts from the printed 
report of the New York Board of Fire Underwriters. It was 
sent to the Committee on Publication and they decided that as 
it was largely a quotation from a printed article, that, while it 
could be considered as a topic, it could not come up as a paper. 
That was the decision of the Publication Committee and I so 
notified Mr. Donnelly at the time. 

President Snow: Well, that being the case, it would be 
read under the discussion of the topic. It can be read, Mr. 
Donnelly, if you desire, under that provision. 

Mr. Chew: Topic No. 5 is really different from what Mr. 
Donnelly has it, and it comes at the request of some people who 
think that decidedly better heating apparatus would be installed 
for the unsophisticated buyer if there were some legal require- 
ments. The suggestion which brings up this topic was that a 
man could not do anything in a building that he wanted to do. 
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Various authorities provide plumbing regulation and provide 
a plumbing inspector to see that the provisions are carried out. 
In view of the fact that there is so much heating work done 
which causes reflection upon and trouble to men engaged in 
legitimate heating work, there might be a decided advantage 
to have some action by the Society to look into the installation 
of heating apparatus in the cheaper forms of buildings with a 
view of compelling the use of sizes of different parts which 
would insure proper service, less waste of fuel, and less danger 
from fire. 

Whether or not the other members think that this Society 
should ever undertake to formulate any plan or induce any city 
to adopt an ordinance of any character that would insure better 
installation of heating plants is a matter for the members to 
consider. 


TOPIC NO. 5. 


“Legal Regulations for the Installation of Heating Systems for Residences.” 


Mr. Donnelly: I think about two years ago we discussed the 
advisability of Heating and Ventilating Engineers joining the 
American Fire Protection Association. I joined myself person- 
ally as an associate member because the heating and ventilating 
engineers had joined. Now I understand the Board of Gov- 
ernors are going to withdraw. That leaves me as a sort of 
captain without a ship. I have been looking over the Fire Pro- 
tection reports and I find that in various lines of industry all 
the way from 15 per cent. to 25 per cent. of fires are credited to 
the heating apparatus, power plant, or something in which we 
are probably interested. The Collinwood school was a good il- 
lustration of it. They said the heating apparatus set the school 
on fire. I believe we should be interested in this subject and 
protect ourselves against any wrong impression that the public 
may have that the heating apparatus sets buildings on fire. 

There had been no speciaP committee of the National Fire 
Protection Association on this subject of fire risk in connection 
with the heating and ventilation of buildings, but the boards of 
underwriters in several sections of the country have formulated 
their rules and have compulsory legislation. I wish that the 
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Heating and Ventilating Engineers were members of the Board 
of Fire Underwriters, because they get all the legislation they 
want. If you ask them in New York what are the fire under- 
writers’ rules they say it is in the law. Twenty years ago it was 
not any of it in the law, but they kept at compulsory legislation 
until all they want is in the law, and they say to the insured, 
“We are helpless; it is in the law.” They were the framers of 
it and got it through. One of the laws is that you must not 
put a piece of steam pipe or hot water pipe closer than two 
inches to wood unless you cover it with tin, and then you can 
go within one inch; and another is that no beam can be notched 
more than two inches deep. Now if you cannot notch more 
than two inches and you cannot put pipes closer than two inches 
to the wood without putting tin over it, it is very evident you 
cannot put pipes under the floors. So every steam contractor 
in New York City who notches a beam and tins it, if he notches 
the beam more than two inches, breaks the law. There are laws. 
governing the covering of pipes. There are many laws in sec- 
tions of the building code covering chimneys, covering hot air 
flues, and they have all been passed by the influence of the 
Board of Fire Underwriters. 

However, in all these matters the National Fire Protection 
Association is largely remodeling its affairs. They are having 
special committees on all these matters. Now although the 
Heating and Ventilating Engineers were members for several 
years of this association, no delegate was ever sent to its meet- 
ings. 

As I understand, what the association has done about drying 
inflammable materials, it used to be the practice to dry these 
materials on an endless belt inside of a drying room, moving 
slowly, and this belt would go outside the drying room, and 
there an exhaust fan would take up the material and deliver it 
through another pipe to adjoining buildings. They had some 
bad fires and now they have got a regulation that the belt going 
out of the drying room must travel at least fifteen feet, I think 
the regulation is, before they allow them to pick this drying 
material up and convey it to another building, and that over this 
fifteen feet of belt and around it they must have good fire pro- 
tective apparatus. They learned that by experience in one in- 
stance where a fire occurred in the drying room and was con- 
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ducted outside on this endless belt and whisked by the fan to 
another building, causing a $150,000 fire. 

I think there are a good many things in connection with 
a drying apparatus that the Heating and Ventilating Engineers’ 
Society should keep in touch with and send some representatives 
there. I attended their meeting in May in New York and met 
many men whom I knew in other lines there, and I find two or 
three members of our Association are members of it—Adams 
Brothers, of Baltimore; Furness Brothers and Gillette, of Phila- 
delphia. I think our members should be members of this asso- 
ciation. It tends to keep fire losses down and tends to get 
building codes. 

I have handed in extracts of the building code. I think they 
should go in our transactions; not for the benefit of the New 
York members—they can always get it—but for our informa- 
tion as to the method of handling chimneys, partitions and 
wooden floors, the method of building flues and protecting hot 
steam pipes. Where there are no regulations still, those mem- 
bers would like to follow good, common sense regulations and 
probably know what they were compelled to do. Then again 
if they were published in our transactions I think it would 
be well to have the building codes of Boston and Chicago and 
other large cities, which differ very much from the New York 
code. 





TOPIC NO. 7. 


“The Average Temperature of the Air from Registers in Furnace Heating 
Systems with Inside Air Supply.” 


Topic no. 8. 


“The Proportional Reduction in Velocity of Air Flow and Loss of Temipera- 
ture in a Rectangular Flue of 4x12 Inches, Compared with an 8-inch 
Round Flue, Both Working on Gravity with an Initial 
Temperature of 140 Degrees.” 


President Snow: I believe in this section of the country, or a 
little further west, it is more customary to use the inside supply 
instead of the outside. Topic No. 7 was put by an easterner to 
get the ideas of the westerners. The topic is open for discussion. 

Mr. Macon: I would like to ask any member if he can tell 
us this: that where it is common to design systems with outside 
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air supply, say with 130 or 140 degrees as the air temperature 
in the air piping, what would you expect the temperature to be 
in that air pipe if you had only an inside supply? Would it 
be 150 or 160 or 110 or what? 

Mr. G. D. Hoffman: The question of temperature of the 
air at the register would depend altogether on the temperature 
of the air outside. If it was very cold outside you would have 
to have the air at the register hotter or you would not heat the 
room. I have tested the air coming out of registers in my own 
house a number of times, and I found it wholly depended upon 
the temperature of the outside. But on a cold day, where it 
was down to zero, 125 degrees temperature of the air coming 
out of the register was sufficient to warm the room. 

There is another question, and that is, it depends upon the 
volume of air and the diameter of the pipe. If we had a room 
that was ten by twelve and we had a ten-inch pipe going into 
the room we could heat it with a temperature of air at 125. If 
we only had an eight-inch pipe going into the same room we 
would have to increase the velocity of the air in order to heat 
that room, and the only way we could increase the velocity 
would be to raise the temperature. 

Prof. Kinealy: I think it is very difficult to say what is the 
average temperature, but I have measured the temperature of air 
coming from registers of furnace plants many times. I have 
often found it as high as 190 degrees to 195 degrees when the 
air was taken from the inside of the building. I think that it 
will require ordinarily, in a furnace heating plant, when the air 
is taken from outside at about zero, that the temperature of the 
air entering the room shall be about 140 degrees. If the air is 
taken from the inside of the building there will always be a 
little leakage past the damper between the outside and the fur- 
nace, so that the temperature of the air entering the furnace, 
even when it is taken from the outside of the building, will be 
rarely above 60 degrees; angl this means that the temperature of 
the air as it enters the room will be in the neighborhood of 175 
to 190. 

Mr. Farquhar: I think I had better explain that our method 
is to keep the maximum temperature in zero weather at the 
register at 120 degrees. But as to the comparative temperature 
when using all outside air, that is what I want to know. 
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President Snow: Does the chair understand that r20 degrees 
would represent fair average practice using inside air? 

Mr. Farquhar: Yes. Of course, that is with a combination 
of outside and inside air mixed. 

Prof. Kinealy: My tests of furnaces show that it is very 
rare indeed that where a furnace plant is designed so that the 
air can be taken from the inside, that it is possible to heat the 
building in zero weather taking the air from the outside. I have 
found that ordinarily when we get down to the neighborhood of 
fifteen or twenty degrees, then we must take the air from the 
inside in order to heat the building without a very high tempera- 
ture of the air entering the registers. That is what I have 
found where I have tested plants that were put in so that they 
could take the air either from the outside or the inside. 

Mr. Chew: I will say it is a question how often you whirl 
the air around when you use the inside air of a building. John 
P. Schaffer said before this Society once that when inside air 
supply is used with a furnace plant that is designed to use out- 
side air in the fall and spring and inside air in the winter time, 
there will be a very much more sluggish or very much slower 
movement of air from the register. I have not had any oppor- 
tunity to know what you can do with inside air. All the plants 
that I have seen in operation have been taking the air entirely 
from the outside. Mr. Farquhar says he has a combination with 
inside and outside. Has that been your experience? ‘When the 
air is taken from the outside you have a pretty lively movement 
from the registers. Now does that slow down when you do not 
have outside air and have inside air? 

Mr. Farquhar: Yes, the action is a good deal stronger when 
you use the outside air and nothing to interfere. 

Mr. Chew: What do you attribute that to, wind or weight? 

Mr. Farquhar: It is the weight, I always supposed, yes. 
And when you use a combination of outside and inside air it 
becomes necessary to use large sized registers in order to give 
you the standard; that is, a relatively low temperature in the hot 
air pipe. 

Mr. Chew: I want to go a little further on the question that 
the partition flue does not carry the amount of air that it should 
to do economical heating. If it is answered positively and 
properly it will mean that architects and others have got to plan 
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buildings a little differently, and that they cannot depend on a 
3 X 4 or a 2 x 3-inch stud to give a sufficient partition space 
for a flue to let a furnace do its work with a fuel consumption 
that it would if it had deeper flues in connection with it. I be- 
lieve that a man who has a narrow partition flue in his house is 
burning more coal than is necessary to heat that house com- 
fortably if he had flues of round or nearly square shape. I hope 
the members will dig into that in the interest of the general 
public enough some day to tell me that the position I have taken 
on the subject is right. But I believe we are working in the 
right line when we are working for a departure from the univer- 
sal type of tin partition flue used with furnaces to something 
that is deeper from front to back. 

President Snow: There is an opportunity here for the fur- 
nace men to conduct a series of tests, as we have been told that 
the boiler men have done so, and very man knows what his 
boiler will do, so that the furnace manufacturers may discover 
the same information regarding their product. 


TOPIC NO. 9. 


“The Requirements as Regards Tightness that Should Be Met Where a 
Vacuum House Heating System Is to Be Installed.” 


Mr. G. D. Hoffman: Regarding the practice in the vacuum 
job, the first thing that I always think is necessary is to find the 
leaks. If the job does not hold vacuum there is a leak some- 
where, and the great problem with the steamfitter in a case of 
that kind is to find the leak. Ordinarily speaking, I get up as 
much steam pressure as the safety valve will allow—if it is set 
for 15 pounds I will carry 14 pounds—and then search the entire 
job over, listening at every elbow and fitting and valve for a 
hissing sound that would indicate a leak of steam if we could 
not see it. I would go still further and look for vapor; because 
I had one job that I tested out down in North Carolina where 
with fifteen pounds of pressure on the job you could not detect 
the slightest sound anywhere, but right in connection with the 
diaphragm thete showed a slight cloud of vapor. It was not 
distinguishable by sound at all. If you put your ear right 
against it you could not hear anything, but there was a little 
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vapor coming out. The man was unable to hold vacuum at all 
on the job for any period of time. I took that diaphragm off 
and put a plug in it and then made an eight-hour test on the 
job. I started at seven o’clock in the morning and at eight 
o’clock I had two pounds of steam, at ten o’clock I had twenty 
inches of vacuum; at four o’clock in the afternoon I had still 
nineteen inches of vacuum, having lost one inch in six hours 
of the test. Before starting the test I had hedged or I might 
say safeguarded both our own interest and the steamfitter’s in- 
terest by stating to the owner that if we did not lose more than 
an inch an hour during the test that I would consider the job 
a practical working job. Fortunately for both of us we only 
lost one inch in six hours of the test. 

I had another job that was a peculiarly and particularly bad 
one, in Wilmington, Delaware. We had tested and tested by 
the pressure test in every way that we could think of. And I 
will say in that connection that one of the best steamfitters in 
the country—not only in Delaware but in the country—was the 
man who installed that work. He was an exceedingly careful 
man. But we could not detect where the trouble was. Finally 
we got up pressure until the entire system was filled with steam. 
then turned off every radiator on the job and let it stand for 
about two hours, or until the radiators were entirely cold, main-_ 
taining at the same time a pressure equal to about atmosphere 
on the piping of the job. We then started in to turn every radia- 
tor on, one after another. The man who was turning the radia- 
tors on did it systematically and we, with a piece of chalk, 
marked on the wall when the gauge would jump. That man 
kept tab on the radiators and we kept tab on the gauge. In 
that job we found four radiators that would not halloo, as we 
expressed it; in other words, when the valve was opened that 
the steam did not rush into the radiator with a good deal of 
noise and commotion. We then began to hunt for the leaks 
in those four radiators and we found every leak in the job in 
those four radiators; and after those leaks were stopped the job 
went on working from 16 to 20 inches of vacuum and is still 
working to-day, entirely satisfactory to the owner. 

In giving out our instructions for testing a low pressure 
vacuum job we tell the contractor to first test his job by a pres- 
sure test. If he finds that his job will hold fifteen inches of 
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vacuum for a period of several hours after the job is allowed 
to cool down—we make the test by getting up steam with a 
kindling fire and then allow the fire to go out—he passes it, but 
if that test does not prove satisfactory we then recommend the 
test that I have just described. I have never found an instance 
yet where we could not find the trouble and we generally found 
it in the radiators, sometimes so slight as not to be noticeable 
except on closest inspection—little sand holes or a leak in the 
screw nipple connections of the radiator. In one case I found 
where an air-valve tapping was cracked just below where the 
air-valve was put in, in such a way that it permitted a leakage 
to occur in that radiator. We had to ream out that tapping, 
bush the opening and then reconnect the valve in order to stop 
the leak in that particular radiator. After we did that we had 
no further trouble with the job. 

Mr. Donnelly: I think that Mr. Hoffman’s remarks have 
given us very valuable information. I have never heard them 
given before and never heard this test detailed; and it rather 
strikes me that perhaps it might be a good requirement, and it 
would not be very much trouble, if the radiator companies tested 
their radiators under a vacuum before they shipped them, now 
that the style of heating is being changed. They were all 
formerly used under pressure, but if all the radiators are to be 
used under vacuum the vacuum test at the factory would be 
desirable. Perhaps it may come along. But this systematic 
test of Mr. Hoffman is very interesting and I think it would be 
very valuable if Mr. Hoffman wrote it up at more length and 
gave it to us. 

Mr. Davis: Mr. Donnelly speaks of radiator men testing 
their radiators under vacuum. That is all very well, but who 
will test them after they come in the courts? 

Mr. Sparks: I would like to ask if there is any objection to 
testing radiators for heating systems by water. Now, if the 
system is filled full of water it will show leaks of any descrip- 
tion. It will beat steam at 30 or 40 pounds. Water will leak 
through any kind of a space and show very readily under, say, a 
pound pressure of steam. I would like to know if there is any 
objection to that, if there is anybody that can raise any objection. 

Mr. Shorb: I would like to give a little information on that 
line. He says water will show a leak that will show by any other 
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means. I am in the business of making air-tight tanks and I 
know it will not. We can test a tank with water and find it 
perfectly tight, and turn air into it and find it leaks at almost 
every rivet and all around the seams. So I do not believe in the 
water test. 

Mr. Sparks: How much pressure do you test them with? 

Mr. Shorb: 125 pounds. 

Mr. Donnelly: I agree with the last gentleman that spoke. 
The air test is very, very severe. It is almost as severe as hold- 
ing kerosene oil. And the only absolute way is to have all the 
air pressure inside, then to immerse the apparatus in water, 
then you get the air bubbles. 

Mr. Shorb: Of course we cannot immerse a tank as large 
as we make in water, but we use soapsuds applied with a brush 
to give us the same result. 

Mr. G. D. Hoffman: One of the objections to introducing 
water itself Mr. Sparks speaks of. It has been my experience 
that what we have to do is to make a test as simple as possible. 
If we are going to get the cooperation of the steamfitter he does 
not want to go to any extra trouble or any extra expense. 
Along the line that Mr. Donnelly suggested that I write some- 
thing, I will say that I have written explicit instructions which 
are sent out with every part of our apparatus, and then we 
find the instructions lying all over the floor of the job. The 
steamfitter seldom reads them and seldom pays any attention 
to them until he gets into trouble. Then he halloos for help, 
particularly if the customer holds up his money. I had to make 
that trip to North Carolina just to take off that diaphragm and 
put on a perfect diaphragm so that the steamfitter could get his 
money. He never said a word until the man refused to pay 
him, and then he hurried and. wrote, “Come down here and 
show me what the trouble is with your apparatus.” But there 
was no trouble with the apparatus, the trouble was with the 
diaphragm on the boiler. 

I have never advocated the water test for the reason that it 
simply adds to the complication of the job and tends to frighten 
the steamfitter against doing anything along the line of vacuum 
work. He is afraid enough of it as it is. 
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TOPIC NO. I0. 


“The Guarantee that Should Be Given as to the Amount of Steam that May 
Pass Into the Returns in a Vacuum Return Line System of Heating.” 


Mr. Kauffman: I think that it all depends on what kind of 
system you are using, say the bleed valve system, or thermo- 
static basis or some system of that character. 

Mr. G. D. Hoffman: Mr. President, there is no question 
but that an ideal appliance would be one that would close the 
instant steam reached the outlet valve, thus preventing steam 
from going into the line. But as the steamfitter is entirely de- 
pendent on the manufacturer of specialties to get up something 
of that kind, and as up to the present time there has never been 
anything of that kind made, consequently he lets the steam go 
into the line and it depends altogether upon the conscience of 
the steamfitter as to how much steam he permits to go to waste. 
The more steam he permits to go to waste the surer his job will 
heat, but waste steam means waste coal. 

Mr. Donnelly: Mr. Hoffman stated that the most desirable 
appliance was one which passed no steam into the return. In 
ninety-nine cases out of a hundred I do not agree with that 
statement. If the returns are to run a long distance under 
ground, where the rise of heat would be considerable from the 
return, I think it happens very, very seldom. In the majority 
of cases the return is boxed in in the same box with the steam 
main, and consequently the steam line would keep the return 
pipe hot; in any case it would keep the conduit hot. In ninety- 
nine installations out of a hundred such as this there is no ob- 
jection to steam in the return line. If in a gravity plant the 
specification said two pounds of steam, there would be no ob- 
jection to steam in the return, as they expected the steam to run 
back into the boiler at say a pound and a half or three-quarters. 
The steam in the return line serves to keep the water hot. You 
have got to keep it warm in a gravity plant. I see no objection 
to keeping it to the vacuum temperature, and as a matter of 
fact this steam fed into the return serves to supply a radiator 
effect to the return and keep the water warm. If it were not 
done it would have to be reheated on coming back to the boiler. 
So that in any case the difference in amount of steam to main- 
tain this temperature or reheat it afterwards would be very much 
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the same. Ina plant where a certain vacuum is specified from 
the return line it would be very undesirable for the engineer to 
specify an unusually high vacuum where it would be impossible 
to produce it or maintain it without putting considerable heating 
surface on the return, without heating large quantities of water 
for the return, or automatic or other apparatus from the return 
feeder or without using excessive quantities of jet water. So 
far as I know, these figures are reasonably accurate. 

There is one thing I do not know at the present time, and 
that is exactly the temperature of return water as it leaves the 
radiator, as it goes through the automatic appliances upon the 
radiator or somewhere else on the plant. I do not think the 
water is exactly the temperature of the steam. When you 
realize how difficult it is in an open top feed-water heater, 
where the conditions are made very strong to get the water if 
possible up to the temperature of the steam, and in spite of that 
we do not in open feed-water heater work get exactly the same 
temperature as the steam. We, however, consider that the con- 
densation flowing along the bottom of the return pipe, with the 
steam above it, would be proof that the water is about the tem- 
perature of the steam. I am going to try to make some experi- 
ments with thermometers and find out the temperature of the 
water. I really believe that it is considerably lower in many 


cases. I am led to that belief because in some plants I have ex- 


perimented with I have found that it is possible to maintain a 
lower vacuum than figures would show. Now, in a plant speci- 
fied as ten inches of vacuum, it will take just about two per cent. 
of the radiating surface of the building to cool the water in con- 
densation ; that is, two per cent. condensing effect. Of course, 
as the condensing effect of the surface goes down by reason of 
the temperature going down, the figures show with twenty inches 
of vacuum, eight per cent. of the surface of the plant is required 
upon the returns. You simply take the re-evaporation, condense 
the re-evaporation to cool the water, which runs surprisingly high 
when we get the high vacuums, because the temperature goes 
down very fast. : 

Mr. G. D. Hoffman: I would like to correct a false impres- 
sion that Mr. Donnelly got from my remarks, that it was not a 
good thing to allow any steam to escape into the line. My 
thought was on the ball system line rather than on the return 
line. 
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President Snow: That is on simply an air line system? 

Mr. G. D. Hoffman. An air line system, yes. 

Mr. Feldman: Mr. Donnelly spoke about high vacuums. I 
think the time of high vacuums has gone by. If you can get 
a circulation with one or two inches of vacuum there is no 
necessity of getting 24 inches. In a New York hotel twelve 
stories high I use only a two-inch vacuum and get excellent 
circulation. There is also a twenty-story building, in which a 
circulation is obtained with a two-inch vacuum. 

President Snow: Are there any further remarks as to the 
guarantee that should be given? That was the main point here, 
as to what guarantee should be given as to the amount of steam 
passed. 

Mr. Davis: It would seem to me that the condition of the ap- 
paratus itself must govern that to a great extent. If the volume 
of exhaust steam that is being produced is greater than that that 
is being used for the heating system, then the amount of jet 
water used is a matter of indifference. But if the amount of 
exhaust steam that is being produced is less than is being con- 
densed, then the jet water is a serious matter. : 

Mr. Donnelly: I would like to state in answer to Mr. Davis 
that I have met that condition very many times. I found that 
when the plants considered the Sunday running and night run- 
ning, and the exhaust was not available, that that was the very 
time that the jet water was very objectionable, that then they 
were condensing live steam with jet water and throwing it into 
the sewer, which was very objectionable. 

I might say in regard to that that there are very few plants 
laid out that have less than ten per cent. surface on their return. 
Their ordinary vacuums are very easily produced. 

I would like to ask from Mr. Davis, information as to the 
maximum amounts of steam that were passed into the returns 
in some of the more ancient and obsolete vacuum return line sys- 
tems, such as the opening of restricted dimensions, and vulcanite 
plugs, that have gone out of use to a considerable extent. What 
did Mr. Davis consider in his experience of that time, and 
whether occasionally 25 to 40 per cent. of steam did not by some 
means get into the return mains. 

Mr. Davis: With a well designed controlling device on the 
return line, properly adjusted, the amount of steam passing into 
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the return line is not objectionable. But the trouble has been 
with a device of that kind if it was tampered with. Very often 
my experience was that we would get a job well adjusted, 
working properly, no more steam going into the return main 
than was necessary to produce good circulation, and in forty- 
eight hours were put out of commission by being tampered 
with. Of course there are and were various classes and types 
of return line valves that do not operate properly, and in con- 
sequence there were many times when there was an objection- 
able amount of steam going into the return line. 
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Thomas 3. Waters 





Wuereas, the painful intelligence has been conveyed to The American 
Society of Heating and Ventilating Engineers of the decease of one of its 
members, Mr. Thomas J. Waters, of Chicago, Ill., which occurred on February 
25, 1909. 

Resolved, That in this bereavement we recognize the hand of the Omnipo- 
tent, and while we submissively bow to His will, we would record our sense 
of profound sorrow which as individuals, and as members of this Society, 
we experience in his loss to us and to the cause which he served with honor 
and distinction. 


Resolved, That as a member he has commanded our respect for his superior 
abilities and his zealous application of them to every duty. 


Resolved, That. the exhibit of his work through the Society at the Paris 
Exposition in 1900 brought credit alike to himself and the Society. 


Resolved, That we bear testimony to the cordial relations entertained by 
him and which his uniform courtesy inspired among the members of the 
Society, and to his efficient labors amongst them in all things pertaining to 
the welfare, progress and aims of the Society of which he was a charter 
member, the organization of the Illinois chapter of the Society being largely 
due to his efforts. 

Resolved, That we recognize the indomitable energy of his nature, his 
sterling integrity and the marked ability which enabled him to attain the 
eminence in his profession which he held, demanding due acknowledgment 
both in this Society and in public life. 

Resolved, That these resolutions be entered in full on the Minutes and that 
the Secretary be instructed to forward a copy, suitably engrossed and signed, 
to the family of our late associate. 


New York, June 25, 1909. 


Ws. G. Snow, 
President. 


W. M. Mackay, 
° Secretary. 
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